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BEFORE THE POLLUTION CONTROL BOARD
OF THE STATE OF ILLLINOIS

IN THE MATTER OF:

REVISIONS TO RADIUM WATER
QUALITY STANDARDS: PROPOSED
NEW 35 [LL. ADMIN, CODE 302.307

AND AMENDMENTS TO 35 ILL. ADMIN,
CODE 302.207 AND 302.525

R04-21
Rulemaking - Water

COMMENTS SUBMITTED ON BEHALF OF WATER REMEDIATION
TECHNOLOGY I.1.C AT THE CILLOSE OF THE SECOND FIRST NOTICE COMMENT

Water Remediation Technology LLC ("WRT™), by its undersigned attorneys, submits its
comments on the Second First Notice, issued by the Illinois Pollution Control Board (the
“Board”) on April 7, 2005, WRT applauds the Board for attempting to come up with a
reasonable and reasoned proposal. Clearly, the Illinois Environmental Protection Agency (the
“Agency” or thc “IEPA”™) had not given the Board a viable proposal. In these comments, WRT
urges the Board to: (1) remove subparagraph (d) from thc proposed revision to 35 ILL. ADMIN,
CoDE § 302.207; and (2) take further action to address the improper disposal of radium residuals
by sludge application to cropland. In support hereof, WRT submits the following comments.

I THE BOARD’S PROPOSAL TO ADOPT A 3.75 pCi/. WATER QUALITY

STANDARD IS CONSISTENT WITH THE RECORD, BUT THE BALANCE OF

THE PROPOSAL IS CONTRARY TO THE RECORD AS WELL AS TO
FEDERAL AND STATE LAW

A, The Board’s Proposal to Adopt a 3.75 pCi/L. Water Quality Standard
is Consistent with the Record. No Further Exception is Needed

In its April 7, 2005 Order (the “Order”), the Board made several findings with which
WRT concurs, and which are supported by the record:

e There is a need to maintain a general water quality standard protective of
both human health and riparian mammals. (P. 1 at92.)
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e Compliance also must be reasonable for Northern Tilineis Publicly Owned
Treatment Works (“POTWs”) located in areas where naturally occurring
radium is prevalent in source water. (P. 1 at92.)

e The studics presented in the record demonstrate that radivm can adversely
impact aquatic biota in addition to humans. (P. 12 at§ 2.)

e Because radium is bioconcentrating and bioaccumulating and persists in
the environment for so long (Radium 226 has a half life of 1600 years),
conscrvative assumptions are appropriate to protect human health and the
envirenment at this time. (P, 12 at92.)

e It is appropriate to promulgatc a water quality standard protective of the
environment, including riparian mamumnals, as well as human health. (P.
16 at94)

e The Depurtment of Energy Biota Dose Assessment Committee technical
standard provides sufficient scientific basis and support for establishing a
general water quality standard for radium. (P. 16 at 9 5.)

¢ The cost to human health and the environment from discharging
concentrations of radium above protective levels in the waters of our State
1s even greater than any costs of compliance. (P. 22 at 9 2.)

s The record indicates that radium negatively impacts aquatic life and
riparian mammals in addition to humans. (P. 24 at43.)

e The Agency’s proposal fails to protect the most sensitive use of the State’s
water and, accordingly, the general water quality standard for Radium 226
and 228 must be retained to afford protection to the most sensitive use, the
protection of riparian mammals, (P. 24 at§ 3.)

e The DOE technical standard provides the necessary guidance to establish a
water quality standard for Radium 226 and 228 applicable to general use
waters and Lake Michigan’s basin. (P. 24 at §4.)

e The Board’s general use standard will be protective of human health and
the environment including aquatic life and riparian mammals, and assure
that high levels of radium cannot be discharged into IHlinois waterways.
®.25a91.)

At the time the Board went to its Second First Notice in April, the impression given the

Board by the Agency and by the municipalities was that every municipality treating its well
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water supply needed regulatory relief from the | pCi/L existing water quality standard for
Radium 226. But there really was no data on existing water quality conditions. Sce Commients
Submitted on Behalf of WRT at pp. 5-6 and n.1 (hereinafter referred to as “WRT Comment”).

The City of Joliet and other municipal agencies apparently heard this complaint, and have
endeavored to provide information regarding existing water quality conditions, WRT applauds
their efforts and have reviewed their sampling data. Indeed, WRT has incorporated that data into
this public comment as Attachment 1.

However, those data do not support the relaxation that has been requested here by Joliet
and other POTWs, nor that now is proposed by the Board. The highest level detected from six
different points in the Des Plaines River, Hickory Creek, and in the DuPage River was 1.1 pCi/L.
for Radium 226. That was in an ‘upstream sampling” point in the Des Plaines River at Jefferson
Street. There were several samples below detection limits. But, even if the combined total for
Radium 226 and 228 was at the detection limits, the highest combined Radium leve! found still is
less than 2 pCi/L. This is hardly a compelling case for any regulatory relief for dischargers into
the waters of the State!

Nevertheless, WRT does support the use, by the Board, of the best information in the
record. Recall, however, that the 3.75 pCi/L is not conservative nor does it consider all potential
impacts. It specifically does not include any sediment component, nor does it include the effect

on endangered species. The record here makes manifest that sediment concentrations can
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hecome significant, and that the buildup in particular species may cxceed the DOE recommended
safety level, Therefore, the 3.75 pCi/L value should not be viewed as conservative,'

The Board has expressed concern that many communities would not be able to meet a
water quality standard of 3.75 pCi/L. But the record shows just the opposite. It appears that
most communities can meet the 3.75 pCy/L proposed standard. And that is even before one
applies the averaging factors allowed for grab and composite sampling, or before mixing tn the

receiving stream. See 35 ILL. ADMIN. CobE § 304.104.

Table 1 - Radium Community Sample Summary for Northern Illinois

Effluent
Influent Combined
Community Date Treatment Combined Radium -om
Radium 226 and
226 and 228
228
’7 e -
Joliet Eastside WWTP | 2/04 10 5/05 Norie 5.9%x 4.2%%
Average**
Joliet Westside WWTP | 2/04 to 5/05 None 7.5%% 2.8%*
Average**
Channahon 4/15/05 %“; - L9 +/-0.9
Community A 7/60 to 2/01 Uhkpown 6.2 2.9
Average**
Average [footnoted dara | 2/03 to 9/03 Oiknown 117 6.2
excluded from average]
Average 1/04 to 6/04 Uhkrown 8.7 5.2
Community B 4/28/05 Tnknown 5.9+/.-0.8 59
DeKalb Sanitary Dist. 5/10/05 - b7 5.3+-1.8 1.7 +/-0.8
5/11/05

Monmouth Main 5/11/05 ¥2s -- 1.0 +-0.5
Monmouth North 5/11/05 & - <0.6
Romeoville 4/15/05 s - 1.2 +/-0.6

All data, except Averages, reproduced as reported by City of Joliet [Attachment 1].

! Sce Comments Submitted on Behalf of Water Remediation Technology LLC at [3-14, Dee. §, 2004; Comments
Submitted by Theodore Adams, Brian Anderson, and Charles Williams at 2-3, Dec. 8, 2004; Post-Hearing
Comments of the Sierra Club and the Environmental Law and Policy Center at 8, Dec. 8, 2004.

4
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** Averages for Joliet and “Community A” plams taken from Attachnient |, without caleulating “range” included
for reported data. For the Joliet plants, since the upper range reported is less than the average of the data reported,
and because Joliet did not report how many samples were taken 1o produce the 2005 values, it is likely that a true
statistical average may be less than the mean of the 3 reported values presented here for Joliet's plants. At this level
of analysis, without knowing stream flows, more precise calculations would not change this analysts. WRT has
averaged effluent samples over roughly an anoual peried of time o suggest the effect of'a longer term average.

Table 1 is taken from the data provided by the City of Joliet (Attachment 1). Looking at
Table 1, one sees that over half of the POTWs appear to have average cffluent values within the
proposed 3.75 pCi/L, without applying any mixing zone or considering the downstream data.
Interestingly, each of these communities with effluent below 3.75 pCi/L already has installed
treatment to meet the radium drinking water standard. Further, it appears that the Joliet East Side
Treatment Plant and Community A? discharge into the Des Plaines River or the Chicago Sanitary
and Ship Canal, and that data shows no water quality standard exceedance. Thus, only
Community B has a discharge that might not meet the proposed water quality standard after
mixing.

Community B presents somewhat of an anomaly since the ¢ffluent appears to be the same
concentration as the influent (5.9 pCi/L), and there is only one data point. One would expect
some removal of radium across a treatment works (the record previously showed removal of
20% to B0% of radium across a POTW plant, and the other treatment plants in Table 1 also
reflect some removal from influent to c¢cffluent). Even removal of less than 50% across this
treatment plant would allow Community B to meet the proposed water quality standard, at the
point of discharge -- even if it were discharging into a zero-flow stream. Or, if Community B

discharged into a stream with low flow equal to that of the plant, an upstream concentration of

? Given the intensity of sampling presented by Community A, the only other participant with a record of such
intense sampling is the Metropolitan Water Reclamation District of Greater Chicago for its Lemont facility. We
believe that plant discharges into the Sanitary and Ship Canal, which is a secondary contact water and not subject to
the existing 1 pCi/L standard.
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1 pCi/L. (the highest sample result in the Joliet data) would allow for compliance after mixing.
Thus, in light of the actual water quality data collected, there is no apparent need for any
relaxation beyond the proposed standard of 3.75 pCi/L.

WRT recognizes that there may be unique sile-specific conditions in Community B (or
even Community A) that might make it difficult to meet a water quality standard of 3.75 pCi/L.
However, site-specific issues of that sort are not apparcent from the record. Moreover, unique
site-specific issues are why the Board provides for adjusted standards and site-specific rule
changes. It is certainly no basis for sctting statcwide policy for a carcinogen.

B. Even if the Data Indicated a Need for Higher Discharge Levels,

Federal and State l.aw Precludes the “One Mile Exemption™
Approach Suggested by the Board

Proposed Section 302.207(d) eviscerates the water quality protections intended by the
3.75 pCy/L standard, as well as all of the very specific rules on mixing zones and related issues.”
In these low-flow streams, terrestrial animals are even more likely to be exposed than in the
larger river settings. This proposal is contrary to the Environmental Protection Act, the Clean
Water Act, and other requirements.
WRT agrees with the U.S. EPA’s concern that the 30 pCi/L. “one-mile exemption”
provides no level of protection consistent with the designated use:
There does not appear to be any technical or scientific justification
for creating a categorical exemption from a water quality standard
intended to protect aquatic life and wild life for a mile downstream
of the water discharge. In addition, it is not clear how the

proposed 30 pCi/L. standard would be implemented to protect
possible downstream public water supply intakes.

3 See 35 ILL. ADMIN. CODE § 302.102 (Allowed Mixing, Mixing Zones and ZIDs) and § 302.105 (Anti-

degradation). If discharges of a carcinogen such as radium can be excused from rules for mixing based on cost,
what about other chemicals, naturaily occurring or not?
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See June 10, 2005 letler to Amy Antenioli from Linda Holtz, Chief Water Quality Branch.

(Attachment 2.) Based on our review of federal and state law, the U.S. EPA’s point should be
accepted by the Board,

The Board determined that riparian animals living in or near the waler are the group of
organisms with the most sensitive use, and further concluded that a combined concentration limit

of 3.75 pCi/LL provides the appropriate leve!l of protection. Qpinion and Order of 11l. Pollution

Control Bd., at 25, Dkt. No. R-041 (Apr. 7, 2005). However, while no evidence or testimony
[other than as to the savings of the WRT technology introduced in Exhibit 3 to the Testimony of
Charles Williams] was presented regarding the relative costs for radium removal, the Board
asserted that “POTWSs in communities using high radium groundwater as the raw water source
must receive regulatory relief” 1d. at 19. To provide this relief, the Board proposed a separate
Iimit of 30 pCv/I. combined Radium 226 and 228 applicable to stream segments within one mile
of an outfall from POTWs accepting high radium wastewater. Id. This one-mile categorical
exemption is not a “mixing zone” subject to the requirements of 35 ILL. ADMIN. CODE § 302.102,
but rather a separate general use standard.® Id. at 25. The Board ultimately concluded that the
one-mile exemption to the general use standard of 3.75 pCi/L combined radium is appropriate, as
it allows “POTWs to continue operations without incurring significant costs, while at the same
time protecting human health and the environment.” Id. at 25.

Noticeably absent from the Order, however, is any evidence to support the Board’s
assertion that the separate limit of 30 pCi/L combined radium will protect human health and the
environment. Nor does the Order contain any technological or scientific justification for creating

a different one-mile exception from general use water quality standards designed to protect

4 See 35 ILL. ADMIN. CODE § 302.102, which limits the portion volurne and area in which “mixing” is permitied.

7
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riparian animals. Moreover, the Order does not discuss how the 30 pCi/L. combined radium
standard will be implemented, nor does the Order explain how one mile, as opposed to any other
distance, provides the dilution nccessary to allow POTWs 1o meet the 3.75 pCi/L general use
standard.” In fact, there is no such information in the record. And even if there were,
considerations of cost cannot be used to create a separate general use waler quality standard
unless the Board changes the designated use of al! those streams one mile below a POTW!

The Clean Water Act (“CWA?”) requires criteria designed to proteet designated uses be

“bascd on sound scientific rationale.” 40 C.F.R. § 131.11(a)(1); see also People of Ill. v.

Poliution Control Bd., 103 I1l. 2d 441, 450-52, 469 N.E.2d 1102, 1107-08 (1984). For water

with multiple-usc designations, the criteria must support the most sensitive use. 40 C.FR,

§ 131.11(a); see, e.g., Natural Resources Dell Council, Tne. v, U.S, Envtl, Prot. Agency, 16 F.3d

1395, 1405 (4th Cir. 1993), Economic factors, such as the cost of compliance, are not considered
p

by the U.S. EPA in determining whether a slate’s proposed criterion is protective of designated

uses. See Miss. Comm’n on Natural Resources v. Costle, 625 F.2d 1269, 1277 (S‘h Cir. 1980).
Rather, the U.S. EPA’s review is focused on whether the proposed criterion is “scientifically

defensible and protective of the designated uses.” Natural Resources Def. Council, 16 F.3d at

1401,

In People of T1I. v. Pollution Control Bd., the Illinois Supreme Court considered whether

the Board’s decision to repeal water quality standards governing maximum levels of fecal-
coliform in recreational waters and to amend the bacterial effluent standard to apply only to

discharges within 20 miles of public beaches contravened state and federal law. 103 Il 2d at

> Given the data only now provided by Joliet (that it had sampled its effluent in 2004 and found the levels to be less
than 6.2 pCi/l.), we wonder why Joliet sought an eftluent level of 60 pCy/L, nearly ten times higher in its prior
Comments!
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443-44, 447-48, 409 N.E.2d at 1104-06. Tn suppert of the revised standards, the Board argued
the bacterial criterion did not serve as an appropriate measure of water quality and a 20-mile
effluent limitation adequately protected recreational uses. 103 [1I. 2d at 446, 469 N.E.2d at 1106-
07. In addition, the Board asserted the 20-milc buffer zone was appropriate, based on testimony
from the IEPA that “more than 90% of the State’s wastewater treatment plants complied with the
effluent standard, but the in-stream fecal-coliform measurements exceeded the maximum about
50% of the time due to sources such as agricultural run-off.” 103 11l 2d at 451, 459 N.E.2d at
1108.

In striking the Board’s revisions, the Court found that the Board acted arbitrarily and
capriciously, as the revisions were not supported by evidence in the record or based on any
scientific rationale. 103 Tll. 2d at 450-32, 469 N.E.2d at 1107-08. Specifically, the record
demonstrated the primary motivation behind the revised water quality standards was to relieve a
regulatory burden by minimizing the expensive discharge chlorination proccss used to treat
secwage and wastewater. 103 T11. 2d at 445-46, 469 N.E.2d at 1105. Morcover, considering the
appropriateness of the 20-mile buffer zone, the Court concluded that persistent violation of the
existing standard was “scarcely a reason to relax a rule which precludes licensed discharges from
further contributing to [the] problem.” 103 11l 2d at 451, 469 N.E.2d at 1108.

Similarly, in Costle, the Court affirmed the U.S. EPA’s rejection of Mississippi’s
proposed general use standard for dissolved oxygen, determining that the U.S. EPA’s decision to
require the state to adopt nationally recommended criteria was based on sound scientific
rationale, 625 F.2d at 1277-78. There, the state commission argued that Mississippi’s
topography and climate “result[ed] in naturally low DO concentrations” and the U.S. FPA

“improperly failed to consider economic factors in evaluating the [State’s] DO criterta.” Id. at
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1274. The Court explained that. while states may consider economic factors in designating uses,
“those faclors are irrelevant to the scientific and technical factors to be considered in setting
criteria to mect those uses.” Id. at 1277.

Here, the Board’s proposed standard of 30 pCi/l. combined Radium 226 and 228 for
areas within one mile of an outfall from POTWs receiving wastewater with high radium
concentration is not “based on sound scientific rationale,” as required by the CWA. 40 C.F.R,
§ 131.11(a}1). First, like the revised water quality standards governing maximum levels of
bacteria in recreational waters and the proposed 20-mile buffer zone rejected in People of TIL. v,

Pollution Control Bd., the 30 pCi/I. combined radium standard was created for the sole purpose

of relieving a regulatory burden and is not supported by the record or based on any scientific
rationale. 103 Ill. 2d at 450-52, 469 N.E.2d at 1107-08. Absent from the Order is any evidence
or explanation that the 30 pCi/l. combined radium hmit within a one-mile mixing zone provides
the level of protection necessary to protect designated uses, much less the most sensitive use. In
fact, the only justification offercd is a one-line unsupported statement: “the Board presently
believes that a [-mile segment of the stream should provide an adequate mixing zonc for POTW
discharges to comply with the proposed general use standard of 3.75 pCi/L{.]” Opinion and

Order of Til. Pollution Control Bd., Dkt. No. R-041, p. 25 (Apr. 7, 2005). Without any additional

justification, the 30 pCi/L one-mile limit cannot be reconciled with the 3.75 pCi/L value.

Second, the existence of a naturally occurring radium belt in Northern llinois is not a
relevant consideration in setting criteria to protect designated uses. See Costle, 625 F.2d at 1274.
In Costle, the Court affirmed the U.S. EPA’s disapproval of water quality standards designed to
accommodate low levels of dissolved oxygen naturally occurring in Mississippi waterways. Id.

at 1278. Specifically, the Court held that economic factors, such as compliance issues, are

10
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“irrelevant to the scientific and technical factors {0 be considered in setting criteria” to protect
designated uses. Id. at 1277. Thus, whilc the Board may have properly considered the
economics of a community in designating water uses, it cannot consider this factor in setting
criteria protective of those uses. 1d.

Moreover, while states are not required to develop a single criterion protective of humans
and the environment, any cnternion established must be protective of the water’s most sensitive

designated use. 40 C.F.R. § 131.11(a); see also Natural Resources Def, Council, 16 F.3d at

1405. The record contains no evidence that the 30 pCi/L limit provides protection for either
purpose; indeed, the Board found that the 3.75 pCi/L standard was necessary and appropriate.

Finally, the record shows there is no need for this exemption zone at all. There is no
clear evidence demonstrating that any communities cannot comply with the 3,75 pCi/L standard
after mixing. Further, there is no cvidence that treatment technology to meet the existing, or the
proposed, combined radium water quality standard is not affordable. Nor is there any cvidence
demonstrating that applying a one-mile exemption will make a difference and allow compliance.

The Joliet data entitled “Well Sample Results for Wells Pumped to Storm Scwers with
No Dilution in the First Mile Downstream” is unclear as to its relevance. The data shows that
even after a one-mile exemption zone, water quality would not mect the 3.75 pCi/L standard.
But the water sampled is obviously not treated drinking water or a POTW discharge. All potable
water will be treated in the future and any direct pumping will not be at elevated levels.
Therefore, this information appears to indicate that the exemption zone concept will not allow
for compliance for dischargers into zero-flow or low-flow streams.

Accordingly, the Board should delete the proposed standard because it is not supported

by the record, not scientifically defensible, and not protective of the most sensitive designated

11
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use, 1.¢. riparian animals. The one-mile exemption zone is contrary to federal and state Jaw. and
unsupported by the record. WRT urges the Board to delete proposed subparagraph (d) from the

proposed Section 302.207.

11. THE AGENCY FAILED TO ADDRESS THE RESIDUAL SOLIDS OR SLUDGE;
THE ISSUE MUST BE ADDRESSED IN THIS PROCEEDING

In its original comments, WRT urged the Board to proceed carefully and authorize rclief
only for those communities who needed it.  WRT continues to recommend that policy to the
Board. But, while WRT supports the Board’s cholce of the 3.75 pCi/L standard, there remains a
critical issuc that WRT urges the Board to address by opening an inquiry docket, or present a
waming conunent on the amended rule.

A. The U.S. EPA’s Policy is to Require Disposal of Radioactive Solid
Residues into Landfills

Since the August 2004 hearing, the Agency has asserted that “the siudge issue” is not a
part of this proceeding. But that issue actually is the major issue in this proceeding. It has been
obvious since the October 2004 hearing that how the residual radionuclides are managed is part
and parccl of this proceeding because it affects the decision made for communities to instail

technology to meet the drinking water standard.
[f the Board has any doubts, consider the following sequence:

e On September 21, 2004, then Director Cipriano wrote a letter to the U.S.
EPA’s Acting Assistant Administrator for the Office of Water. The letter
stated that about 100 community water suppliers in Illinois “are in the
process of complying with the Radionuclides Regulations . . . and are
relying on Illincis EPA’s advice and guidance on the proper residual
disposal practice that can be employed. These systems are in the process
of making decisions on altenatives for compliance that involve the
commitment of millions of dollars and obligate the communities to a
number of years of financial burden . ...”

12
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See Attachment 3 hereto, p. 2. Several months later, the U.S. EPA replied:

[U.S.] EPA appreciates the difficult decisions that drinking water
systems must make to comply with drinking water standards for
radionuelides . . . [U.S.] EPA recognizes that systems will be
seeking cost-elfective solutions for these management issucs, but
has consistently expressed concern about the potential creation of
new contaminated sites that would someday require remediation

and/or the use of institutional or enginecring controls.

See Attachment 4 hereto, p. 1 (emphasis added; quotations omitted). The U.S. EPA is advising
Hlinois that land applying sludge with solid residuals from radionuclide treatment is a risky

choice, and one not approved by the U.S. EPA.

The same view is contained in the U.S. EPA’s recently released manual, “A Regulators’
Guide to the Management of Radionuclide Residuals from Drinking Water Treatment
Technologies™ (the “Guide™), The Guide is available at
epa.gov/safewater/reads/pdfs/regulators_guide final.pdf. At page 14, in language nearly
identical to the March 4 letter, the U.S. EPA states:

U.S. EPA is aware that some states allow land spreading or soil
mixing as an alternative i{o landfill disposal for water treatment
residuals. One central concern with land spreading is the potential
for build-up or movement of radionuclides to create contaminated
sites that would require remediation and/or use of institutional and
engineering controls.

(Emphasis supplied.) And if there were any doubt that the U.S. EPA disapproves radionuclide
residuals from water treatment being applied to crop land, then consider the Guide’s “Decision
Tree 1: Solids Residuals Disposal.” See Attachment 5 hereto, p. 17 of the Guide. All of the
solids disposal options in Decision Tree 1 are to some sort of a landfill: a Low Level Radioactive
Waste (“LLRW™) landfill, a hazardous waste, RCRA Subtitle C landfill, or an authorized “mixed
waste” landfill.

This issue should not be ignored by the Board. It is a critical issue not only for human
health and the environment, but also of fiscal prudence for INinois communities in evaluating all

13
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the economic and technotogical risks in deciding how to comply. Whiie it would have been
better if the U.S. EPA had issued these guidclines sooner, the U.S. EPA clearly is proceeding
toward regulatory action. Water treatment plants built on the assumption that radioactive
residuals may be disposed of in any manner now allowed may be faced in the future with an
expensive retrofit -- or expensive landfill disposal costs.

B. Recent Informtation Underscores the Public Health Threat of Discrete
Radioactive Particles

The effect of the action of the TEPA and the Illinois Emergency Management Agency
(the “IEMA™) to date is to leave unrcgulated discrete radioactive particles when handled by
municipal treatment workers. These treatment workers are not being protected currently by the
IEMA, and it appears that the 1EPA is not desirous of becoming involved in these materials. As
the Board knows, WRT did submit its technology to licensing by the IEMA. (Exhibit 17.) No
other technology has done so. And the IEMA is not taking action to regulate municipal sources
even if they produce high-level radioactive materials.

‘Two recent reports underscore the importance of the Board protecting public health and
the environment by addressing what happens to the radioactive matenals once they are removed
from the well supply. Attachment 6 is a statement issued hy the Health Physics Society and the
Organization of Agreement States. These entities are intimately involved in protecting human
health and the environment with respect to radioactive materials. Consider their assertions:

¢ Discrete sources of technical enhanced natural occurring radioactive
material (“TENORM™) and accelerated produced radicactive material
should be uniformly regulated throughout the United States. TENORM is
defined as “naturally occurring radioactive material that has been removed
from the natural environment and has concentrated levels greater than
found in the natural environment due to human activities (indoor Radon,

because it is not technologically enhanced, should be specifically exempt
from this provision for discrete sources).”

14
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e ... the term ‘discrete’ . . . should mclude both an activity limit and a
concentration limit on any such source, such as the radiological hazards
are controlled in a manner consistent with other sources of radioactive
malerial posing the same radiclogical hazard.

¢ Digposal . . . should be allowed at facilities licensed by the NRC, . . . in
such a manner that (a)does not change the definition of low level
radicactive waste and the Low-Level Radioactive Waste Policy
Amendments Act of 1985, and (b)does not adversely effect the
implementation of congressionally approved Compacts... thus preventing
such sources from becoming “orphan” from disposal.

(See Attachment 6 hereto, p. 2.)

The most recent review of the toxicology associated with radioactive particles confirms
the need for continued vigilance. The National Academy of Sciences just published its updated
review of health risks from exposure to low lcvels of ionizing radiation. (See Attachment 7.)
This report continues to support the stringency of the U.S. EPA’s rules for exposure, which
require disclosure to affected members of the public {(and non-nuclear plant workers) of exposure
to elevated levels of radiation. This disclosure requirement -- to workers and members of the
public alike -- is an important safety precaution. It is onc of the requirements that comes with
being licensed by the IEMA. It is a requirement that WRT undertakes by being licensed by the
TEMA, but thosc same risks exist for all those communitics that are “treating” well water to meet
the federal drinking water standard for radionuclides.

The U.S. EPA also is warning that treatment plants with elevated radionuclide tevels
should take safety precautions so as to not endanger their workers:

¢ Systems need to determine whether a radiation problem exists and, if it
does take appropriate safety precautions to prevent or limit water system
staff members’ exposure to radiation. For example, if a system tested its

treated water 2 years ago and found levels of 3pCi/L for radium-226 and
228, aradiation survey of the facility would be prudent.
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o If radionuclides or radiation have been found in drinking water or at a
system, having operators who are trained in treating for radionuclides, and
handling, disposing of, and transporting TENORM waste, is highly
recormumended.

o Shower after exposurc to potentially radicactive matenals and launder
work clothing at the system if possible. If laundering equipment is not
available, workers should deep and wash work clothing separatcly and
avoid wearing contaminated elothing into the home. Work bools or shocs
should be wiped and cleaned after potential contamination. They should
stay at the system or not be worm into the home.

See Guide at pp. 22, 24, 25 (Attachment 8). Since radium cannot be smelled, tasted or
felt, workers will not know that they are being exposcd to a carcinogen, unless notified.
The U.S. EPA has documented its concerns relating to radionuclide exposure for POTW

workers:

[U.S.] EPA is concerned about TENORM for three reasons. First,

TENORM has the potential to cause elevated exposure to

radiation. Second, pcople may not be aware of TENORM

materials and need information about them. Third, industries that

generate these materials may need additional guidance to help

manage and dispose of TENORM in ways that protect people and

the environment and arc economically sound.

(Attachment 9.) The U.S. EPA has listed some ten categorics of activitics where TENORM is
known to occur.® Of all thesc listed, filters at water treatment plants have the highest radiation
loading -- 40,000 pCi/g on average! See Attachment 10; TENORM Source, Summary Table, at

www.epa.gov/radiation/tenorm/source table.htm.’

% The other wastes with TENORM of concern to EPA are Geothermal Energy Waste Scales, Petroleutn, Aluminum,
Coal and Coal Ash, Copper Waste Rock, Phosphate Ores and Phosphogypsum, Rare Earths, Titanium Ores,
Uranium and Zircon. (See Attachment 10.)

7 The high levels of Radium 226 and 228 on water treatment sludge is 11,686 pCi/g. Such a level is several times
higher than the level of radiation in the Uranium tailings that, after being used as backfill at Reed-Keplar Park in
‘West Chicago, had to be removed and disposed of. (See Attachments 11 and 12.) These data demonstrate that in
light of the persistence and extended half-life of radium residuals, repeated spreading of sludge with elevated radivm
residuals on land could lead to a CERCLA cleanup.

16



Electronic Filing, Received, Clerk's Office, August 15, 2005

These statements by the U.S. EPA support and are consistent with the extubits and
testimony provided to the Board by WRT.® Clearly, the discrete radioactive particles that can be
produced by treating of radium-contaminated well water are capable of producing the same
radioactive activity as those materials now regulated by the Nuclear Regulatory Commission
(*NRC”) and Agreement States. By repealing the | pCi/L limit for Radium 226, the Board
should not open the door for the disposal into waterways of sludge that was previously illegal
and regulated. WRT urges the Board to insert a waming comment into s rules with
Section 302.207 by calling attention to the Guide. In the altemative, the Board could initiate
inquiry hearings on the adequacy of existing regulation programs for radionuclides.” The TEPA
promised a ycar ago to have sludge rules proposed to the Board: the unique issues involving
radionuclide treatment would appear well-suited lo a scparate consideration. We submit that the
lllinois communities would benefit from such a procedure.

The present regulatory approach, by the IEMA and the IEPA, ignores the 1ssue. It allows
POTW management to decide whether to expose its workers to elevated radium levels -- without

disclosure to them.'® It allows the POTW management to decide that TENORM particles will be

¥ The EPA recommends against land application of any sludge conlaining elevated radium levels. (Tr. August 24,
2004 p. 24 lines 7-8; see also Hearing Exhibit 4 Tab I} The EPA is investigating the issues associated with elevated
levels of radium in filtrate and backwash from treatment of groundwater for drinking water consumption. (Tr.
August 25, 2004 p. 24 lines 8-10; see also Hearing Exhibit 4 Tab L) The guidance from the EPA supports a
prohibition on the discharge of filtrate and backwash with elevated levels of radium from a drinking water treatment
g)lant. {Tr. August 25, 2004 p. 24 lines 11-12; see also Hearing Exhibit 4 Tab L.)

Further, pursuant to Section 651 of the Energy Policy Act of 2005, discrete sources of Radium 226 and discrete
sources of naturally occurring radioactive material will now be regulated by the NRC, and hence of Agreement
States such as Illinois. The forthcoming rules may have a direct impact on certain treatment systems for potable
water in northeastern Illinois.

' An unintended conscquence of sewer disposal is that, in the absence of testing, monitoring and notice, sewer
workers are not made aware of their exposure to radiation or trained or equipped to handle it. (Tr. August 25, 2004
p. 22 lines 18-21; see also Hearing Exhibit 4 Tab E.) Radioactive particles, disposed of in the sanitary sewer, have
created significant economic and operations impacts to the POTWs. (See Hearing Exhibit 4 Tab B.; Tr. August 25,
2004 p. 12 lines 6-16; see also Hearing Exhibit 4 Table 1 p. 7.) ISCORS did not model unique isolated instances in
which higher levels of radium were released into sanitary sewers. (Tr. August 23, 2004 p, 23 lines 13-20; see also
Hearing Exhibit 4 Tabs D & F) WRT/ARS demonstrated, via their POTW operations data and dose modeling
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in its sludge that it distributes on farmland -- without notice to the farmers.’’ ‘This lack of
disclosure vitiates any informed consent.

These appear to be the unintended consequences of the Board’s effort to be “reasonable”
with regard lo the POTWs. WRT is concerned that the desire to minimize near term costs will
create longer term liabilities, And, in any event, there is no evidence In the record that removal
of radioactive particles from sewer discharges (and hence from going onto the land or exposure
by the treatment plant workers) will cost any more."?

C. The Board’s Proposal Violates Applicable Illinois Law Duc to Its

Failure to Address the Re-Introduction of Radioactive Residuals into
the Environment Following 'I'reatment of Well Water

The Board acknowledges the dcleterious effects of radium as a bioconcentrating,
bicaccumulating, human carcinogen and mutagen. Radium 226 has a half life of 1600 years; the
particles do not dilute; therefore, radioactive particles discharged in POTWs will perpetually
remain highly radioactive. The cumulative impacts of radiation exposure place humans and
biota in severe jeopardy.

The General Assembly has provided unambiguous instruction to prevent the intentional
release of radioactive particles into sewers and waters of the State of Illinois. The Illinois

Pollution Prevention Act, the [llinois Groundwater Protection Act, the Illinois Low Level

approach similar to ISCORS, that POTW operators’ exposure could be greater than the 100 mRenvyr limit without
the radon contribution. With the radon contribution included, the POTW worker dose would approach and could
exceed that of a nuclear power plant radiation worker (5,000 mRem/yr). {Tr. August 25, 2004 p. 23 lines 13-20; see
also Hearing Exhibit 4 Tab J.)

""" Radium concentration (ISCORS data) in POTW influent and concentrated sludge has been shown to result in
elevated potential POTW worker and public exposures. A POTW sludge loader is estimated to receive 420
mRem/yr dose (from radium/radon) at sludge concentrations of Radium 226 and Radium 228 of 13 and 5.1 pCi/g,
respectively. (ISCORS dose modeling.) This is greater than 4 times the allowable limit to the general population
(100 mRem/yr). (Tr. August 25, 2004 pp. 14 <17; see also T. Adams August 11, 2004 Pre-filed testimony Table 5 p.
16.)

12« . Mr. Williams (WRT) states the cost of treatment systems that do not dispose of radium to the sewer or
streams is competitive or lower than systems that do. For example, Mr. Williams states that the communities of
Oswego and Elburn . . . will save $2 and $2.6 million, respectively, over the life of their treatment technology
contract.” (See April 7, 2005 Board Opinion and Order at p. 21, Y 5; see alsg Hearing Exhibit 5.)
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Radioactive Waste Management Act, the Ilinois Endangered Species Act and the Environmental
Protection Act all evidence the legislature’s clear intent. The Board should fulfilt that intent and
prohibit the release of radioactive particles, {ormed by the ireatment of groundwater, into
POTWs and the environment of 1llinois.

For example, the Illinois Pollution Prevention Act was enacted to reduce the disposal and
release of toxic or hazardous materials. (415 IT.CS 115/5(c) (2004).) It unambiguously states
that treatment in an environmentally sound manner should be utilized. The disposal and
treatment of toxic or hazardous materials 1s allowed only as a last resort, when treatment of such
materials is not possible. (415 ILCS 115/5(b) (2004).) Indeed, one of the Board’s purposes is to
stimulate pollution prevention strategies. Allowing radioactive particulates to be flushed down a
sewer is contrary to that Act,

Moreover, the Illinois Endangered Species Act also precludes adoption of the proposed
rule. This Act prohibits the possession, taking, disposal or transport of specimens or products of
animals or species of plants in danger of extinction and statewide extirpation. (520 ILCS 10/1
(2004).) Here, the record demonstrates that several endangered species are downstream of the
communities that will be treating their radium water supply. (See Heanng Exhibits 1, 2 and 14
Tabs A & E.) All State and local government agencies are directed to enter into a consultation
process with the Department of Natural Resources to evaluate whether actions authorized,
funded or carried out by the agencies are likely to jeopardize the continued existence of Illinois-
listed endangered and threatened species or are likely to result in the destruction or adverse
modification of the designated essential habitat of such species. (520 ILCS 10/11 (2004).) That

consultation has yet to occur. (See Hearing Exhibit 13.)
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The Environmental Protection Act provides that in rulemaking under Section 27(a}, such

as this one, the Board shall consider various factors in making a decision, including the technical

feasibility and economic rcasonableness of measuring or reducing the particular type of
pollution. The Board need not conclude that compliance with the proposed regulation is
“technically feasible and cconomically reasonable” before it can adopt such a regulation.

Monsanto Co. v. Pollutton Contrel Board, 67 I1l. 2d 276, 292-93, 367 N.E.2d 684, 690-91]

(1977). If the Board, in its discrction and based on its technical expertise, determines that a
proposed regulation is necessary to carry out the purpose of the Act, it may adopt technology-
forcing standards that arc beyond the rcach of existing technology. 67 1ll. 2d at 292-93, 367
N.E.2d at 684, 690-91. In the instant matter, the undisputed testimony is that there are a number
of alternative technologics that can achieve the required standard. It is clear to us that the Board
failed to consider all of the available information in the record regarding compliance, as reguired
by Section 27(a) of the Act.”” (Sec n.12 regarding the lower or competitive cost of treatment
systems that do not dispose of radium to the sewer or streams.)

Thus, the General Assembly provides clear instruction to prevent the release of
radioactive materials, and especially radioactive particles, into the sewers and waterways of the
State of Illinois. Illinois courts consistently have struck down rules adopted by the Board where

the Board has acted contrary to directives established by the General Assembly. The clear policy

* The Board did not consider the data submitted by WRT, including but not limited to the comments of Charles
Williams on December 7, 2004: “The municipal workers in a full scale plant are exposed to only a small increase
above backpround and will be trained and advised of that exposure . . . The three millirem exposure represents
only 3 percent of the maximumn exposure allowed to a member of the general public from a licensed facility.” The
Board did not consider this info in referencing the WRT technology. Opinion and Order of I1l. Pollution Control
Bd., Dkt. No. R-041, p. 20 (Apr. 7, 2005). Jolict’s own consultant found that “none of the processes significantly
changed the radon concentrations in the water.”
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of the State of Hlinois is to prohibit the intentional release of radicactive particles into the public
sewers and waterways,

III.  CONCLUSION

WRT recommends that the Board follow the As Low As Reasonably Achievable
(“ALARA™) principle. The ALARA principle is a fundamental objective of all DOE, U.S. EPA,
NRC and State radiation proiects. Program procedures and engineering controls are used (o
mainlain exposures to workers and public ALARA. Allowing the disposal of radium residue
into the sanitary sewer resulting in unnecessary exposures to POTW workers, the public and the
biota rather than requiring treatment (engineering control) and disposal (via permitted RCRA or
licensed NORM or LLRW disposal facility procedure) is inconsistent with the ALARA
philosophy. (Tr. August 25, 2004 p. 23 linc 20; p. 24 line 6, see also Hearing Exhibit 4 Tab 1.)
Not only do the absorptive media technologies, such as that of WRT, provide a total removal in a
cost-cffective manmner, but all of the competing technelogies can be re-engineered to provide a
similar total solution. (Tr. August 25, 2004 p. 47 lines 21-24 and p. 48 line 1.)

Dated: August 15, 2005 Respectfully submitted,

L el

T‘P( of the Attomey{ for Water Remediation
echnology LLC

Jeffrey C. Fort

Letissa Carver Reid

Dana Orr

Sonnenschein Nath & Rosenthal LLP
8000 Sears Tower

Chicago, Illinois 60606

(312) 876-8000

11923832v6
THIS FILING IS BEING SUBMITTED ON RECYCLED PAPER
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CERTIFICATE OF SERVICE

The undersigned, an attorney, certifies that he/she has served upon the individuals listed
on the attached Service List true and correct copics of COMMENTS SUBMITTED ON
BEHALF OF WATER REMEDIATION TECHNOLQGY LLC AT THE CLOSE OF THE

SECOND FIRST NOTICE COMMENT by First Class Mail, postage prepaid, on August 135,

T

2005.
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G C D 191 N. Wacker Drive, Suite 3700 Yesnglen, D¢

Gardner Carton & Douglas | Chicago, tilinois 60606-1698 Albany, NY
Tl 312 569 1000 | Fox 312 569 3000

ROY M. HARSCH www.gcd.com

{312) 568-1441

Fax: {312) 569-3441

rharsch@ged.com

July 29, 2005

Jeffrey C. Fort

Letissa Carver Reid
Sonnenschein Nath & Rosenthal
8000 Sears Tower

233 South Wacker Drive
Chicago, Illinois 60606-6404

Re: R 04-21 Radium Sampling Results
Dear Mr. Fort and Ms. Reid;

As set forth in Joliet’s Motion for additional time, please find the enclosed Summary of
Radium Samples for Various Communities in Northern IHinois.

Very truly yours,
Roy M. Harsch
RMH/dmc
Enclosure
ce: Service List

Gardnar Carton & Douglas Lip

CHO02/22399673.1
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"712712005

Date

Influent Samples
Joliet Eastside Wastewater Treatment Plant

Feb-04
8-Mar-04
12-May-05

Joliet Westside Wastewater Treatment Plant

Feb-04
8-Mar-04
12-May-05
Community A
Juk00
8-Feb-01
22-Feb-01
Dec-02
Jan-03
Feh-03
Mar-03
Apr03
May-03
Jun-03
Jul-03
Aug-03
Sep03
Jan-04
Feb-04
Apr-04
Jun-04

Community B 28-Apr-05

DeKalb Sanitary District 11-May-05%

Prepared by City of Joliet
Department of Public Waorks and Utilities

Radium 226

3
19
1.1 +/-0.6

2.9
3.9
1.8 +-0.6

43 +-08
27 +/-0.1
26 +-0.1
5288
0.2-2.2
5.6 +-19
3.1 +-12
5.7 +-19
324 +/-1.48
7.38 +/-2.03
6.85 +/-1.9
2.9 +-09
TAT +-1.7
5754186
5.25 +-14
3.87 +~1.1
312 +-0.9

3402

0.8 +-05

Summary of Radium Samples for Various Communities in Northem 1iinois

Radium 228

83
43
22 +-0.7

5.1
6.1
2.7 09

1.4 +-1.0

39 +-01

3.6 +-041

NA

NA
<6.0

5.6 +/-1.2

85 +/-30
B.22 +/-4.23
8.82 +/-2.54
1.76 +/-186

6.1 +-17
6.19 +/- 15
812 +-2.1
3.13 +/0.96
1.86 +-0.71
355 +-0.88

29 +/-06

4.5 +-1.3

Combined Radium

8.3
6.2
3.3 +-13

8
10
4.5

5.7 +-1.0
6.6 +-0.1
62 +-0.2
3.7-69
2.6-4.2
11.6 +/6.0
8.7 +/-2.4
14.2 +/-49
11.46 +/-571
16.2 +/-4.57
8.61 +/-35
9 +H- 1.6
13.66 +- 3.3
13.87 +/-38
8.38 +- 2.36
5.73 +-1.81
6.67 +-1.78

59 +/-0.8

53 +-18

Note 1
Note 1
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T 7f27/2005

Date
Effluent Samples
Joliet Eastside Wastewater Treatment Plant
Feb-04
8-Mar-04
12-May-05

Joliet Westside Wastewater Treatment Plant

Feb-04
8-Mar-04
12-May-05

Community A
Jul-0Q
8-Feb-01
22-Feb-01
Dec-02
Jan-03
Feb-03
Mar-03
Apr-03
May-03
Jun-03
Jul-03
Aug-03
Sep-03
Jan-04
Feb-04
Apr-g4
Jun-04

Prepared by City of Joliet
Department of Public Works and Utilities

Radium 226

12
2.6
<Q.7

2
09
0.6 +-0.6

22 +/-0.8
2.1 +/-01
<0.9
3.05.2
2751
36 +/-18
2.8 +/-1.2
28 +-19
226 +/-1.48
2.33 +/-0.84
1.96 +-0.7
3.4 +-1.0
2.88 +-0.75
3.01 +#-1.1
274 +/-1.0
3,43 +/-1.1
3.21 +-0.96

Summary of Radium Samples for Various Comrmunities in Northern illinois

Radium 223

3.9
3.5
1.5 +/-0.7

2.9
5

1.6 +/-0.7

1.5 +/-0.8
<1.0
<1.0

NA

NA
<3.8

29 +-12

42 +/-1.8
3.97 +/- 1.66
372 +-1.76
312 H-14

34 +-12
247 +-1.1
322 +-12
1.94 +-0.75
0.54 +-0.53
2.69 +-0.69

Combined Radium

5.1
6.1
1.5 4/-1.4

4.9
1.9
1.5 +-1.3

3.7 +-1.0
3.1 +-02
<19
3348
2743
7.4 +1.4
5.7 +/~-2.4
7.0 +- 3.0
6.23 +/-2.683
6.05 +- .6
5.08 +/-2.1
6.8 +-2.2
5.35 +/-1.85
6.23 +/-2.3
4.68 +/-1.75
3.97 +-1.63
3.9 +-1.65

Note 1
Note 1

Page 2 of 4
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T7I2T12005

Community B
Romeoviile
Monmouth North

Monmouth Main

Dekalb Sanitary District

Channahon

Upstream Samples

DesPlaines River at Jefferson Street

Summary of Radium Samples for Various Communities In Northem linols

Date

28-Apr-056
15-Apr-05
11-May-05
11-May-05
10-May-05

15-Apr-05

12-May-05

Hickory Creek Upstream Joliet ESWW1  12-May-05

Nownstream Samples

DesPlaines River at Brandon Road
DesPlaines River at 1-55

Romeovilts, 1 mile downstream

Prepared by City of Joliet

Department of Public Works and Utilities

12-May-05
12-May-05

15-Apr-05

Radium 226

3

0.7 +-0.14

<0.6

1.0 +-05

<0.3

11 +/-08

1.4

<0.1

0.7

<0.1

.1 +-0.1

+/-0.1

Radium 228

29

05 +-05

<6.6

<6.0

1.4 +-0.5

0.79 +/-0.83

<0.7

<Q.7

<0.7
<Q.7

0.5 +-04

Combined Radium

",

59

1.2 +/- 0.6
<72
<7.0

1.7 +/-08

1.8 +-0.9

1.1

<0.8

<1.4
<0.8

0.6 +i-0.5

Page 3 of 4
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" 7127/2005 Summary of Radium Samples for Various Communities in Northern llinois Page 4 of 4

Date Radium 226 Radium 228 Combined Radium

Other sites

DuPage River at Caton Farm Road 12-May-05 <0.1 <0.6 <0.7

Well Sample Results for Wells pumped to storm sewers with no dilution in the first mile downstrearn

Williamson Ave 18-May-05 9.9 +/-03 10.8 +/~ 1.1 20.7 +-1.4
9-D 18-May-05 55 +/-0.2 7.7 +~1.0 13.2 +/-1.2
10-D 18-May-05 6.4 +/-0.3 7.7 +i-1.1 141 +-1.4
11-D 18-May-05 56 +-03 54 +-09 11.0 +~1.2
12-0 18-May-05 7.7 +/-0.3 92 +~12 16.9 +/-1.5
15-D 18-May-05 289 +/-02 4 +/-8 6.9 +-14
17-D 18-May-05 2.9 +/-0.1 5.1 +-08 8.0 +-07
18-D 18-May-05 5.8 +/-0.3 45 +~0.7 103 +-14
21 18-May-05 3.2 +/-02 2.9 +/-0.5 6.1 +/-0.7

Note 1 Due to insufficient sample volume, results are reporied as a range. Results are based on statistical average resuits for multiple analysis

Prepared by City of Joliet
Department of Public Waorks and Utilities
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A0 ST ’
o th%' UNITED STATES ENVIROHNMENTAL PROTECTION AGENCY
$ 5' ] AEGIONS
¢ 77 WEST JACKSON BOULEVARD
%% 7 : CHICAGO, IL 60604-3530
AL et '

JUN 1 0 2005 | REPLY TQ THE ATTENTION OF: -IGI?C'L!’ ’

_ RECEIVED |
Amy Antoniollj CLERK'S OFFICE
Ilinois Pollution Control Board
100 W. Randolph, Sujte 11-500 JUN 1 4 2005
Chicago, Tllinois 60601 . STATE QF ILLINQIS

Poliution Control Board
Dear Ms. Antoniolli: . )

Recently, the IHincis Pollution Control Board (fllinois PCB) proposed revised water
quality standards for radium for General Use waters in Illinois. Illinois’ existing radium

. standard for General Use waters is 1 pCI/L for radinm 226, The proposed revision would

~ change the General Use gtandard to 3.75 pCifL for radivm 226 and 228 in all General Use

" waters, except for areas within one mile of an outfall fiom a wastewatsr treatment plant,
“receiving wastewater discharge from pubhc drinking water supplies using ground water
with a high radium concentration” where a stendard of 3¢ pCi/L would apply. The
United States Environmental Protection Agency, Region 5 (USEPA) has informally
reviewed the Tlinois PCB proposal and offers the following comments.

There are no national criteria recommendations for radinm to protect aquatic 1ife or
wildlife, and there ere insufficient data to support derivation of water quality criteria for
either of these endpoints using USEPA methods. USEPA is unaware of any scientific:
evidence that would supgest that a standard set at this level would compromise protection
of any of the applicable designated uses, and does not snticipate disapproval of the
proposed General Use standard of 3.75 pCV/L.

However, USEPA is conceried that the proposal does not include eny demonsteation that

30 pCi/L within a one-mile mixing zons provides a level of protaction consistent with the

3.75 pCi/L. valug, nor any other independent level of protection for the designated use.

There does not appear to be any technical or scientific justification for creating a |
categorical exemption from a water quality standard intended to protect aquatic life and i
wildlife for a mile downstream of a wastewater discharge. In addition, it is not clear how
the proposed 30 pCi/L standard would be irnplemented to protect possible downstream
public water supply intakes.

USEPA also has questions about the duration and frequency of exceedance associated
with the proposed standard, As proposed, it appears that any exceedance of the standard
would be considered to indicate impairment of the use. However, the proposed revised
standard appears to be based on exposure to wildlife from consumption of contaminated
aquatic organisms that might accumulate radium in their tissues from exposure to radium
in the water. This type of exposure 1s long-term and 2 more appropriate indicator of the

RegyoiadReuyolalie » Friniod with Vagalabie O# Basyd laka on 50% Aetycled Papér (0% Poslconsumen
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2

level of 1isk to wildlife is probably some measure of average concentration over time.
Therefore, it would appear to be appropriate to express the standard as an average value
. over some period of time to reflect the concern over longer-term exposure, rather than a
value that con never be exceeded. For exarmple, in the Great Lakes Water Quality
Guidance (40 CFR 132), USEPA recommends that waste load allocations based on
wildlife standard be calculated using the $0-day, 10-year low flow as the design flow.
However, if the Hlinois PCB chooses to express the General Use standard as & long-term
verage value, then the Illinois PCB should also establish 2 § pCi/L Public and Food
Processing Water Supply standard as en instantaneous maxiraum standard for public
water supply intakes. This would ensure that public water supplies utilizing surface
water would meet the Federal drinking water maximum contaminant Jevel for radium.

"Finally, we note that USEPA’s regulations define “pollutant” to include radioactive
materials, except those regulated under the Atomic Energy Act of 1954, as amended. See
40 CFR122.2; Train v, Colorado Public Interest Research Group, Inc., 426 U.S, 1
(1976). Although it is appropriate for Illinois o adopt water quality standards for radium,
it will be necessary for the State, or USEPA where appropriate, to establish that a

 particular radioactive material is a “‘pollutant” before taking other actions under the Clean
Water Act (CWA), such as establishing National Po)lutant Discharge Elimination System
(NPDES) limitations consistent with water quality standards or listing a waterbody or
establishing or approving a total maximum daily {oad under Section 303(d) of the CWA
for a waterbody that is not achieving thesc standards, A radioactive material maybe a
“pollutant” within the definition of 40 CFR 122.2 in some fact-specific contexts, while
not being a “pollutant” within that definition in other fact-specific contexts.

If you have any questions, pleese feel free to contact me at (312) 886-6758, or Ed
Hammoer of my staff, at (312) §86-3019. ‘

Very truly yours,

Al el

f@-ﬂ/Linda Holst, Chief
Water Quaklity Branch

P,
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residuads, disposal may requite shipment o s out-of-stato fikeility that is Beesmed to agoapt such
Wases.

Allowing use of material with sgrioulnaral valug 1o favmers s no differest than the fundamental
basts for all federst aod state regilation of way racioactive materialy that have a bencficial yse!
Following imtemational guidane, the beneficial use of the mmterdal fn guestion I8 weighed
against the risks involved ot duse or concentration Hmits are establishad for the use offthe
mazeddal w Hmit the dose and risk to the general publie. Thess lmils-take into consideration s |
number-of faetors tnctuding neturdl background and the prtential fur human exposures, Yo all
wrens where USEPA has wathaity te become involved in radiztiou pmmtion. the mar.mal m
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land applicaton at ngeonomlc rates, Water plarte that generae g liguid wasie st use 2
controtled dischargn 10 o sewage treaument plant,

The purpose of this letter is to reguest o ¢l and consistent position by USEPA on the lssue of
land wpplination of vhese residuals for egronomically beneficinl uses, and request the written
opinlonof USEPA supporting the continued use of current Hbinols disposd-practioes. As nuted,
our Hlinois water supplies are considering & number of altemative treatment processes, One
common element of concern is the vost:of disposat of the treatynent wates,  Alteration of the
present disposal practive could very well make operation of the trogiment facilities untensble lor
mont of the water suppfies olussified os srunll gystems, but 1f Qs slteration Is necessary, now is
thre tivne: for all of - to-be advized sothat mitliong of dotius are not wasted on an wnaceeplable
disposdd nltemative, - _

Your lnumediste sttention and reply o s roatier will be very much apprecisted. Please et me
know if you would like to discuss this issue farther or nmd'aﬂdi_tiorl;d nfonsation,

P
A

Renew Ciprinoo
Dhirestor
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Ms. Renee Cipriano, Direetor

Hlineis Environmental Protection Agency

1021 North Grand Avenue East, P.O. Box 19276
Springfield, 1L, 62794-9276

Dear Ms. Cipriang:

Thank you for your letter dated September 21, 2004, Your letter secks claritication from
the U.S, Environmental Protection Agency (EPA) on discussions contained in two draft guidance
documents regarding the use of land application as a disposal option for treatment residuals. In
this reply, we hope 1o provide you with an update on the development of these documents and
invite you to continue to work with us to better communicate EPA's position on the potential use
of tand application for this material,

EPA appreciates the difficult decisions that drinking water systems must make to comply
with drinking water standards for radionuclides. Affected water systems will need to find
ritermative sources of waler or apply treatment technologies to remove the radionuclides from
their source water, balancing source availability, treatment and disposal costs. EPA recognizes
that systerns will be seeking cost-effective solutions for these management issuves, but has
consistently expressed concern about the potential creation of new contaminated sites that would
someday require remediation end/or the use of institutional or engineering controls,

You expressed concerns thut the language within the following two draft documents were
inconsistent: (1) 4 Regulators' Guide o the Management of Radioactive Residuals from
Drinking Water Treatment Technologies; and (2) ISCORS' Assessment of Radioactivity in
Sewage Sludge: Recommendations on Maragement of Radloactive Materials in Sewage Sludge
and Ash at Publicly Owned Treatment Works., We are in the process of revising both documents,
though the ISCORS report is a multi-agency effort, not solely that of EPA. Qur goal is to insure
that the language contained within these documents is compatible, recognizing that water
treatment residuals and sewage studge are different waste streams and the extent of analysis done
by the Agency has differed in depth and complexity.

'ISCORS is the Interagency Steering Committee on Radiation Standards comprised of
severa] Federal agencies whose purpose is to facilitate consensus on acceplable levels of
radiation risk to the public and workers, and promote consistent tisk approaches in setting and
implementing standards for protection from jonizing radiation.

Inlgmiat Address (UAL) » hitp:dvan.apa.gov
PeoycRasyciable » Minird whh Vepatable Ol Based inks on Recysed Paper dinimum 3084 Poatossinger)
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EPA has an extensive history of multi-year environmental and scientific rescarch studies
assessing land application of sewage sludge, which resulted in regulatory standards deseribing
conditions under which such application is acceptable (40 CFR part 503). The muhi-agency
ISCORS repon focused on sewage sludge’s radionuclide content, and on dosc assessments 1o
workers and the public from a variety of exposure scenarios. This report which also examined
land application of sewage sludge is the latest study in which EPA bas participated. However,
EPA has not explicitly evaluated the Jand application of drinking water treatment residuals,
tcgardiess of whether the waste conlains radionuclides. Although we are aware of some reseerch
on this topic, we do not have any basis to judge the benefits of such land application. Further, we
do not believe that it would be appropriate to rety on the conclusions of the ISCORS report
{which pertains to sludge) when considering the land application of drinking water weatment
residuals containing radionuclides. ‘

The drinking water guide was shared over the summer with a diverse sct of stakeholders
and we are in the process of considering their comments and making revisions as appropriate.
The drinking water document does not recormmend prohibiting the practice of land application of
drinking water residuals, but does caution that the regulator should weigh the potential risks for
bath short and Jong term 3cenarios.

Illinois nlso expressed interest in EPA providing writlen support of lllinois disposal
practices. As you know, EPA has no specific federal regulations regarding radicnuclides inland-
applied drinking water residuals and has not performed the requisite analyses. Therefore, we
cannot endorse any state’s practices in this arcn. The Agency recognizes that Iilinois has put
cunsiderable time and effort into researching the benefits and risks of land-applying drnking
water sludges with radionuelides, and we would be intorested in leaming more about such
practices in the future, '

We will continue to work with Illinois and other stakeholders as we tackle these
complicated issues. If you have further questions, plegse let me know or your staff may coatact
Steve Heare, Director, Drinking Water Protection Division at (202) 564-7992.

Sincerely, .

A=

Benjamin H. Grambles
Assistant Administator
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CERTIFICATE OF SERVICE

The undersigned, an attorney, certifies that he/she has served upon the individuals named
on the attached Notice of Filing true and correct copies of COMMENTS SUBMITTED BY
BRIAN ANDERSON by First Class Mail, postage prepaid, on April 6, 2005.
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SERVICE LIST
R04-21

Dorothy Gunn Amy Antoniolli
Clerk of the Board Hearing Officer
Iilinois Pollution Control Board Illinois Pollution Control Board
100 West Randolph Street 100 West Randolph Street
Suite 11-500 Suite 11-500
Chicago, TL 60601 Chicago, IL 60601

Deborah J. Williams

Stefanie N. Diers

Illinois Environmental Protection Agency
1021 North Grand Avenue East

Joel J. Sternstein, Assistant Attorney General
Matthew J. Dunn, Division Chief

Office of the [llinois Attorney General
Environmental Burean

Springfield, IL 62701

P.O. Box 19276 188 West Randolph
Springfield, TL. 62794-9276 20" Floor
Chicago, IL 60601
Stanley Yonkauski Richard Lanyon
Acting General Counsel Metropolitan Water Reclamation District
Tlinois Department of Natural Resources 100 East Erie Street.
One Natural Resources Way | Chicago, IL 60611

Roy M. Harsch

Claire A. Manning

Joliet, I 60431

Sasha M. Engle Posegate & Denes
Gardner Carton & Douglas 111 North Sixth Street
191 North Wacker Drive Springfield, IL 62701
Suite 3700
Chicago, IL. 60606-1698
Lisa Frede William Seith
CICI Total Environmental Solutions
2250 East Devon Avenue 631 East Butterfield Road
Suite 239 Suite 315
Des Plaines, IL 60018 Lombard, IL 60148
Albert F. Ettinger John McMahon
Environmental Law and Policy Center Wilkie & McMahon
35 Bast Wacker Drive 8 East Main Street
Suite 1300 Champaign, IL 61820
Chicago, IL 60601
Dennis L. Duffield Abdul Khalique
.| City of Joliet Metropolitan Water Reclamation District of
Department of Public Works and Utilities Greater Chicago
921 East Washington Street 6001 West Pershing Road

Cicero, IL 60804
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Decision Ttee 1; Solid Residuals Disposal

Identify ttfe quality Is the waste a solid No Use intermediate
and quantity of the -y according to the Paint > processing to
residual Filter Liquids Test? separate out the
Yes liquids
e )
» Sludge - .
Disposeina
* Granular Media solid waste RTINY —
. ) land il or liquid residuals
Resin disposal, see Liquid
» AA Media T Residuals Decision Tree
o M b No 2
*opent Membranes J
Does the waste
| contain
Is the waste No radionuclides?
hazardous? l
Yes
,L No Dispose in a solid waste,
Yes Duoes the waste ¢contain non- hazafd““ waste, ot LL_RW
exempt quantities of l'andf:ll, orany landfill
uranium or bera/photon Ves licensed by the state to
emitrersP* accept TENORM waste**
v
Does the waste Dispose in a hazardous
¢contain NO i waste landfill and meet all
radionuclides? RCRA Subtitle C
| requirements**
Yes
J’ - Disposein a
Does the waste contain non- o landfill licensed to
exempt quantities of uranium Yes accept mixed
or beta/photon emitters?* waster*
] v
No Dispose in 2 LLRW landfill permitted to accept
L » hazardous waste ot a hazardous waste landfill

licensed to accept TENORM waste**

* Check with the state Radiadon Program to see if betz/photon enitters are constdered byproduct material and advise
system to contact the NRC Regional office or relevant Agreement State agency to discuss potential licensing
fequirements,

** DR treatment standards also apply. Check with the state Radiation Program to determine the proper disposal
methods for waste containing radionuclides and hazardous waste,

17
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Organization of Agreement States

CONGRESSIONAL ACTION IS NEEDED TO ENSURE
UNIFORM SAFETY AND SECURITY REGULATIONS FOR
CERTAIN RADIOACTIVE MATERIALS

POSITION STATEMENT OF THE HEALTH PHYSICS SOCIETY AND
ORGANIZATION OF AGREEMENT STATES *

The Health Physics Society (HPS) and the Organization of Agreement States {OAS), which
represent radiation safety professionals and regulatory agency stakeholders, believe
congressional action is needed to ensure the uniform regulation of all discrete sources of
radioactive material to provide appropriate radiation safety standards to protect the public from
these sources, including protection from malevolent uses of such sources by terrorists.

Currently, naturally occurring radioactive materials, especially radium, and radioactive materials
produced by nuclear particle accelerators {accelerator-produced radioactive material) are not
comprehensively regulated in the United States. These sources are not defined in the Atomic
Energy Act of 1954, as amended (AEA), which has the effect of excluding these sources from
regulation by the independent federal agency charged with regulation of other radioactive
materials, i.e., the United States Nuclear Regulatory Commission (NRC). As a result of their
omission in the AEA, the regulation of these sources rests with various federal agencies and each
individual state. Qur organizations believe that this fragmented regulatory framework allows for
inconsistent standards for the possession, use, and disposal of these sources, which can
potentially have a negative impact on public health and safety and on national common defense
and security.

Therefore, we recommend congressional action to ensure not only the security of such sources,
but also the uniformity of standards regarding their possession, use, and disposal,

The HPS and OAS jointly recommend enactment of federal legislation to regulate these sources
according to the following principles:
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1. Discrete sources of technologically enhanced naturally occurring radiozctive material
(TENORM)' and accelerator-produced radioactive material should be uniformly regulated
throughout the United States. The most effective way to ensure uniformity in regulation is to
include such sources in the definition of byproduct material in the AEA.

2. The NRC should be the sole agency authorized to promulgate federal regulations establishing
requirements for controlling the acquisition, possession, transfer, use, and disposal of such
sources to protect the public health and safety and the national security of the United States,
except for those sources regulated by the United States Department of Energy.

3. The NRC shall, in consultation with the states and other stakeholders, develop a regulatory
definition of the term "discrete,” as applied to sources of TENORM and accelerator-produced
radioactive materials. This definition should include both an activity limit and a
concentration limit on any such source, such that the radiological hazards are controlled in a
manner consistent with other sources of radioactive material posing the same radiological
hazard.

4, Disposal of such sources should be allowed at facilitics licensed by the NRC, by states that
have entered into agreements with the NRC pursuant to the AEA, or in facilities regulated
pursuant to the Resource Conservation and Recovery Act (RCRA) when such disposal is
appropriate and authorized by the regulatory agency (or agencies) having jurisdiction.

5. Placing such sources under the NRC’s jurisdiction should be done in such a manner that (a)
does not change the definition of low-level radioactive waste in the Low-Level Radioactive
Waste Policy Amendments Act of 1985 and (b) does not adversely affect the implementation
of congressionally approved Compacts pursuant to the Low-Level Radioactive Waste Policy
Act of 198( as amended, thus preventing such sources from becoming “orphaned” from
disposal.

6. In fulfilling its new responsibiiities, the NRC shall consult with state radiation control
agencices that have cstablished regulations for controlling the safe use, security, and disposal
of these sources.

7. The NRC is encouraged to consult with other fcderal agencies as it develops regulations for
controlling the safe use, security, and disposal of these sources,

Footnote

' TENORM is naturally occurring radioactive material that has been removed from the natural
environment and has been concentrated to levels greater than that found in the natural
environment due to human activities. (Indoor radon, because it is not technologically enhanced,
should be specifically exempt from this provision for discrete sources.)

* The Health Physics Society is a nonprofit scientific professional erganization whose mission is to promote the practice
of radiation safety. The Organization of Agreement States is a nonprofit society of staff members from those states that
have established programs under section 274 of the AEA to assume a portion of NRC regulatory authority.
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BEIR VII: HEALTH RISKS FROM EXPOSURE TO
Low LEVELS oF IoNIZING RADIATION

BEIR VII develops the most up-to-date and
comprehensive risk estimates for cancer and other
health effects from exposure to low-levet ionizing
radiation, It is among the first reports of its kind to
include detailed estimates for cancer incidence in addition
to cancer mortality. In general, BEIR VI1I supports
previously reported risk estimates for cancer and
leukemia, but the availability of new and more extensive
data have strengthened confidence in these estimates. A
comprechensive review of available biological and
biophysical data supports a “linear-no-threshold” (LNT)
risk model—that the risk of cancer proceeds in a linear
fashion at lower doses without a threshold and that the
smalilest dose has the potential to cause a small increase
in risk to humans.

This report is the seventh in a series of publications
from the National Academies concerning radiation health
effects called the Biologic Effects of lonizing Radiation
(BEIR}reports, BEIR VII focuses on the health effects of
low levels of low linear energy transfer (low-LET) fonizing
radiation such as x-rays and gamma rays. The most recent
BEIR report to address low level low-LET radiation was
the BEIR V report published in 1990. Humans are exposed
to tonizing radiation from both natural and man-made

low-LET; directly lonizing ard
photon component of cosmic
component of cosmic radiation
radiation 12%
4%

hkigh-LET: neutron

high-LET:
ingestion
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low-LET: radifation exposure
from the earth
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expasure due ta radon
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Worldwide background radiation

Protection and Measurements, No.93, 1987,

'F1 gures based on data from Ioumng Radlanon Exposure of the Populanon of the Unltcd States, Natlonul Cour‘g! en-E;dawm

sources (see Figure 1). Very high doses can produce
damaging effects in tissues that can be evident within
days after exposure. Late effects such as cancer, which
can occur after more modest doses including the low-
dose exposures that are the subject of this report, may
take many years to develop,

Most radiation sources have a mixture of high- and
low-LET radiation. Compared to high-LET radiation, low-
LET radiation deposits less energy in the cell along the
radiation path and is considered less destructive per
radiation track. The BEIR VII report defines low doses as
those in the range of near zero up to about 100 mSv (0.1
Sv)oflow-LET radiation. People in the United States are
exposed to average annual backpground radiation levels
of about 3 mSv; exposure from a chest X-ray is about
0.1 mSv and exposure from a whole body computerized
tomograpby (CT} scan is about 10 mSv.

There are many challenges associated with
understanding the health effects of low doses of low-
LET radiation, but current knowledge allows several
conclusions. The BEIR VII report concludes that the
current scientific evidénce is comsistent with the
hypothesis that, at the Jow doses of interest in this report,
there is a linear dose-response relationship between
exposure to ionizing radiation and the development of

FuslCros
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F
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solid cancers in humans. It is unlikely that there is a
threshold below which cancers are not induced, but at
low doses the number of radiation-induced cancers will
be small. Other health cffects (such as heart disease and
stroke) occur at higher radiation doses, but additional
data must be gathered before an assessment of any
possible dose response can be made between low doses
of radiation and non-cancer health effects. The report
also concludes that with low dose or chronic exposures
to low-LET irradiation, the risk of adverse heritable health
effects to children conceived after their parents have been
exposed is very small compared to baseline frequencies
of genetic diseases in the population.

Radiation Exposure and Health Effects

The mechanisms that lead to adverse health effects
after jonizing radiation exposure are not fully understood.
Ionizing radiation has sufficient energy to change the
structure of molecules, including DN A, within the cells
of the body. Some of these molecular changes are so
complex that it may be difficult for the body’s repair
mechanisms to mend them correctly. However, the
evidence is that only a small fraction of such changes
would be expected to result in cancer or other health
effects.

The most thoroughty studied individuals for the
evaluation of health effects of ionizing radiation are the
survivors of the Hiroshima and Nagasaki atomic
bombings, a large population that includes all ages and
both sexes. The Radiation Effects Research Foundation
(RERF) in Japan has conducted follow-up studies on
these survivors for more than 50 years, An important
finding from these studies is that the occurrence of solid
cancers increases in proportion to radiation dose. More
than 60% of exposed survivors received a dose of

radiation of less than 100 mSv (the definition of low dosc
used by the BEIR VI{ report).

Risk Models for Cancer

An important task of the BEIR VII committee was to
develop “risk models” for estimating the risk that an
exposed individual wilt develop cancer. This task requires
expressing the dependence of risk on radiation dose and
also on sex and age at exposure. Data from epidemiologic
studies were used to accomplish this task. The Japanese
atomic bomb survivors were the primary source of data
for estimating risks of most solid cancers and leukemia.
For 2 of the 11 specific cancers evaluated, breast and
thyroid cancer, atomic bomb survivor data were combined
with data on medically exposed persons to estimate risks.
Data from additional medical studies and from studies of
nuclear workers were evaluated and found lo be
compatible with BEIR VII modeis.

Since the publication of BEIR V in 1990, more
comprehensive data on cancer incidence (including non-
fatal diseases) in atomic bomb survivors have become
available, mortality follow-up has been extended for 15
years nearly doubling the number of deaths from solid
cancer, and an improved dosimetry system (DS02) has
been implemented. In addition, new data have become
available from studies of persons exposed to radiation
for medical reasons and from studies of nuclear workers
exposed at low doses and dose rates. These developments
have strengthened the epidemiologic data that are used
to develop risk estimates. Box 1 lists some of the new
epidemiclogic information and approaches that have
become available since BEIR V,

On average, assuming a sex and age distribution
similar to that of the entire U.S. population, the BEIR VII
lifetime risk model predicts that approximately one
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individual in 100 persons would be expected to develop
cancer (solid cancer or leukemia) from a dose of 100 mSv
while approximately 42 of the 100 individuals would be
expected to develop solid cancer or leukemia from other
causes (see Figure 2). Lower doses would produce
proportionally lower risks. For example, it is predicted
that approximately one individual in 1000 would develop
cancer from an exposure to 10 mSv, Table | shows BEIR
VII's best estimates of the lifetime attributable risk (LAR)
of incidence and mortality for all solid cancers and for
leukemia per 100,000 persons exposed to [00 mSv. The
report also provides estimates for cancers of several

specific sites.

Risk Estimates at Very Low Doses

At doses of 100 mSv or less, statistical limitations
make it difticult to evaluate cancer risk in humans, A
comprehensive review of available biological and
biophysical data led the committee to conclude that the
risk would continue in a linear fashion at lower doses
without a threshold and that the smallest dose has the
potential to cause a small increase in risk to humans.®
This assumption is termed the “linear-no-threshold”
(LNT)model.

There are two competing hypotheses to the linear
no-threshold model. One is that low doses of radiation
are more harmful than a linear, no-threshold mode! of
effects would suggest. BEIR VII finds that the radiation
health effects research, taken as a whole, does not support
this hypothests. The other hypothesis suggests that risks
arc smaller than predicted by the linear no-threshold
madel are nonexistent, or that low doses of radiation may
even be beneficial. The report concludes that the
preponderance of information indicates that there will be
some risk, even at low doses, although the risk is small.
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Health Effects Other than Cancer

Radiation exposure has been demenstrated to
increase the risk of diseases other than cancer, particularly
cardiovascular disease, in persons cxposed to high
therapeutic doses and also in A-bomb survivors exposed
to more modest doses. However, there is no direct
evidence of increased risk of non-cancer diseases at low
doses, and data are inadequate to quantify this risk if it
exists. Radiation exposure has also been shown to
increase risks of some benign tumors, but data are
inadequate to quantify this risk.

All solid cancer Leukemia

Males Females Males Females
Excess cases (including non-fatal
cases) from exposure to 100 mSv 800 (400-1600) | 1300 (690-2500) | 100(30-300) 70(20-250)
Number of cases in the
absence of exposure 45,500 36,900 830 590
Excess deaths from exposure
to 100 mSy 410(200-830) | 610(300-1200) 70 (20-220) 50 (10-190)
Number of deaths in the absence _
of exposure 22,100 17,500 710 530

’Approxlmate]y 42 cancers pcr 100 md1v1duals calculatcd from Tablc 1241n Chapter 12 of the BEIR VII report
> In special cases, such as in utero exposure, some evidence suggests excess cancers can be detected as low as 10 mSv.
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Estimating Risks to Children of Parents
Exposed to Tonizing Radiation

Naturally-occurring genetic (i.e., hereditary)
discases arise as a result of alterations {mutations)
occurring in the genetic material (DNA) contained in the
germ cells (sperm and eggs) and are heritable (i.c., they
can be transmitted to the offspring and subsequent
generations). The concem over whether exposure to
ionizing radiation would cause an increase in the
frequencies of genetic diseases launched extensive
research programs to examine the adverse genetic effects
of radiation in the children of A-bomb survivors and other
studies focusing on mammals that could be bred in the
{aboratory, primarily the mouse.

Studies of 30,000 children of expesed A-bomb
survivors show a lack of significant adverse genetic
effects. During the past 10 years, major advances have
occurred in our understanding of the molecular nature
and mechanisros underlying naturally occurring genetic
diseases and radiatlon-induced mutations in experimentai
organisms including the mouse. The risk estimates
presented in this report have incorporated all these
advances. They show that, at low or chronic doses of
low-LET irradiation, the genetic risks are very small
compared to the baseline frequencies of genetic diseases
in the population.

Given BEIR VII estimates, one would not expect to
see an excess in adverse hereditary effects in a sample of
about 30,000 children (the number of children evaluated
in Hiroshima and Nagasaki). One reason that genetic risks
are low is that only those genetic changes compatible
with embryonic development and viability will be
recovered in live births.

Research Needs

Continued research is needed to further increase our
understanding of the health risks of low levels of ionizing
radiation. BEIR VII identifies the following top research
needs;

*  Determination of the level of various molecular
markers of DNA damage as a function of low dose
ionizing radiation.

+ Determination of DNA repair fidelity, especially
double and multiple strand breaks at low doses, and
whether repair capacity is independent of dose.

¢ Evaluation of the relevance of adaptation, low-dose
kypersensitivity, bystander effect, hormesis, and
genomic instability for radiation carcinogenesis,

s Identification of molecular mechanisms for
postulated hormetic effects at low doses.

¢  Reduction of current uncertainties on the specific
role of radiation in how tumors form.

*  Studies on the genetic factors that influence radiation
response and cancer risk.

e Studies on the heritable genetic effects of
radiation.

+ Continued medical radiation and occupational
radiation studies.

» Continued follow-up health studies of the Japanese
atomic-bomb survivors, 45% of whom were still alive
in 2000,

+ Epidemiologic studies to supplement studies of
atomic-bomb survivors, for example studics of
nuclear industry workers and persons exposed in
countries of the former Soviet Union.

Committee to Assess the Health Risks from Exposure to Low Levels of Ionizing Radiation: Richard R. Monson
(Chairman), Harvard School of Public Health; James E. Cleaver (Vice Chairman), University of California, San
Francisco; Herbert L. Abrams, Stanford University; Eula Bingham, University of Cincinnati; Patricia A, Buftler,
University of California, Berkeley; Elisabeth Cardis, International Agency for Research on Cancer, Lyon, France;
Roger Cozx, National Radiclogical Protection Board, UK; Scott Davis, University of Washington and Fred Hutchinson
Cancer Research Center, Seattle, WA; William C. Dewey, University of California, San Francisco; Ethel 8. Gilbert,
National Cancer Institute; Albrecht M. Kellerer, Ludwig-Maximilians-Universitit, Minchen, Germany; Daniet Krewsks;
University of Ottawa, Ontario, Canada; Temas R. Lindahl, Cancer Research UK London Research Institute; Katherine
E.Rowan, George Mason University; K. Sankaranarayanan, Leiden University Medicat Centre, Leiden, The Netherlands;
Daniel W, Schafer, Oregon State University (from May 2002); Leonard A. Stefanski, North Carolina State University,
(through May 2002); Robert L. Ullrich, Colorado State University, Rick Jostes (Study Director}, National Researclr
Council.

This brief was prepared by the National Research Council based on the committee’s report. For more information,
contact the Nuclear and Radiation Studies Board at 202-334-3066. BEIR VII: Health Risks from Exposure to Low Levels
of fonizing Radiation is available from the National Academies Press, 500 Fifth Street, NW, Washington, DC 20001;
800-624-6242; www.nap.edu. This report is sponsored by the U.S. Department of Defense, U.S. Department of Energy,
U.S. Nuclear Regulatory Commission, U.S. Environmenta] Protection Agency, and U.S, Department of Homeland
Security.



: ATTACHMENT 8
Electronic Filing, Received, Clerk's Office, August 13, 2005

I-E Worker Exposure and Safety

Because radiaton is invisible, tasteless, and odorless, it is commonly overlooked as a potential harareh i wutersysiens.
Exposure to elevated levels of radiation at water treatent (acilities may cause serious health effects. Systems need to
determine whether a radiation problem exists and, if it does, take appropriate safety precautions to-prevent or limit
water system staff members” exposure to radiation. For example, if a system tested its treated water 2 years ago and
found levels of 3pCi/L for radium-226 and 228, a radiation survey of the facility would be prudent.

Water system staff can be exposed to radiation during normal treatment processes for radicnuclides, through handling
the residual streams generated by treatiment, and during media replacement or transportation. Relatively undetectable
levels of radionuclides in source waters can accumulate in measurable or hazardous quantities in piping, pumps,
holding tank scale or sludge, IX and granular filters, backwash, and other residual sludge. Radon gas can accumulate
in closed or poorly ventilated buildings when thorium, uranium, or radium-bearing materials (including-water) are
present. Naturally occurring radon gas can enter through openings in the building’s concrete or foundationwalls.
Underground connections to manholes, piping conduits, and utility tunnels provide additional pathways for raden
entry. For example, elevated gamma ray levels have been found around IX columns and associated piping at some
faciliries. This could result in an exceedance of public dose limits.

I-E.1 Radiation Surveys

A system should conract a professional radiation protection specialist or a health physicist for assistance in conducting
a radiadon survey ift (1) the system has had an analytical result within the past 5 years that has approached or has-
exceeded an MCL for a regulated radionuclide; or, (2) if calculations derived from use of the U.S. EPA SPARRC
model indicates potential concentrations of radioactivity in residuals and filters at the system.”

A radiation survey can be conducted by:
1. Using a radiation survey meter to identify any points at which contarnination exists.
2. Using an integrating radiation measuring device to determine whether exposure could occur over time.
3. Sampling filter media, wastes, and water through further laboratory analyses. These analyses should focus on
finding the principal NORM/TENORM isotopes found in surface and groundwater supplies: radium,

uranium, thotium, and potassium as well as their radioactive daughter decay products.'®

Some states require radiation protection specialists or health physicists who conduct radiation surveys (including radon
surveys) to be certified or licensed. State Radiation Control contact information appears in Appendix D.

As a result of the survey, the system may need to establish 2 monitoting program, change existing management
practices, alter methods for managing radioactively contaminated equipment and wastes, or establish worker radiation
safety and education programs. The survey may also recommend methods for decontaminating buildings or facilities,
if needed.

7A working draft of SPARRC is available for estimating the volume and concentration of radienuclides in waste produced by water
systems. The program allows the operator to select the type of treatment process, as well as input and putput parameters such a3
water flows, doses of coagulant and polymer, and filter capacities. Ta view the spreadshect, see
http://www.npdespermits.com/sparic.

""Decay products such as isotepes of radon, lead, polonium, and bismuth may need to be analyzed in order to calculate the

concentrations of the original pacent radionuclide such s radium or uranium. Characterizing the types and amounts of mdionudides

present will be beneficial in identifying sources in the drinking water, understanding how, where, and why they arc collenting ienthe

treatment plant, correcting 4 confamination problem in the plant through selection of treatment technologies and mapagement

techniques, and aiding management in deciding where hazardous waste products should be disposed or where they mightbe-sceepted.
22



Electronic Filing, Received, Clerk's Office, August 15, 2005

Althouph designed for post-cleanup surveys of radivactively contaminated sites, U.S. EPA’s Muiti-Agency Radiation
Survey and Sizs Investigation Munual MARSSIM) (EPA 402-R-97-016 Rev. 1) provides useful information on planning
and conducting a survey of potentially contaminated surface soils and building surfaces, The manual and other
information on radiation surveys can be obtained from U.S, EPA’s Radiation Protection Division Web site at
http:// www.epa.pov/radiation/marssim.

Seven federal and two state agencies contributed to the development of MARLAP. MARI.AP provides guidance for
the planning, implementation, and assessment phases of projects that require laboratory analysis of radionuclides. This
guidance is intended for project planners, managers, and laboratory personnel and provides extensive detail on the
radiclogical sampling and analytical process, including laboratory procedures. A copy of the manual can be found at:
hitp:/ /www.epa.gov/radiaton/marlap /manualhtm.

U.8. EPA also recommends that the system check for the presence of radon in buildings encasing system equipment.
States should consult with radiatdon program staff to determine whether radon measurements have been taken in the
county, whether a map or survey of indoor radon measurements has been developed for the county, whetce the system
is located, and to determine the appropdate means and methods for conducting radon surveys. The state or private
radon proficiency programs may be able to provide a list of licensed or certified radon contractors who could conduct
the survey. Additional information on how to find qualified professionals can be found at

hep:/ A wanw epa.gov/iaq/ radon/proficiency html.

For U.S. EPA guidance documents on approaches to risk assessments of soil and water, see the Superfund Radiation
Web sites at htp:/ /wwrw.epa.pov/superfund /resources /radiation and
hop:/ /www.epa.cov/superfund/resources/ radiation /whatsnew.htm.

I-E.2 Radiation Exposure Due to Water Treatment Operations
The following discussion applies snly to systems where there is the potential for accumulation of radieactivity.

Water system workers are most likely to be exposed to clevated levels of radioactive matedals when cominginto
contact with residuals, filter backwash, and sludge; during maintenance of contaminated pumps or piping; or while
moving or transporting wastes and filters for disposal. Possible sources of radiation include pumps and piping where
mineral scales accumulate; lagoons, and flocculation and sedimentation tanks where residual sledges accumulate;
filters, pumping stations, and storage tanks where scales and sludges accumulate; and faciliies where filter backwash,
brines, or other contaminated water accumnulates. Facilities that are enclosed present the potential for enhanced
radiation inhalation exposure, particularly from radon. Exposure to radiation can also occur at residuals processing or
handling areas at the system and off-site locations such as landfills where residuals are shoveled, transported, or
disposed of.

The table below shows the three primary paths of radiation exposure at a systern: inhalation, ingestion, and direct
exposure,

. Patbway - . o . - - Concern

Inhalation Inhalation of alpha- or beta-emitting radioactive matedals is a concern because radicactive
matetial taken into the body results in radiation doses to internal organs and tissues (e.g.,
lining of the lungs). Workers could inhale radicactively contaminated dust or water droplets
while dealing with residuals or during normal filter operations. Cleaning methods such as air
scour, high pressure water sprays, and backwash operations can increase suspension of
radioactively contaminated water, dusts, and particulates in respirable air, thus increasing the
potential hazazd of inhalation or ingestion. Workers can inhale radon and its progeny in both
wet and dry conditions. Simple dust masks may not provide adequate protection from -
exposures via this pathway, and systems may need to implement Occupational Safety and
Health Administration (OSHA) requirements for respirators.
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Pathway _ _ ' l . Coneetn

Ingestion Ingestion, or the swallowing of alpha, beta, or gamma-emitting radioactive matesials, is a
concern for the same reasons as inhalation exposure. Workers can ingest radioactive
matetials if they fail to observe good sanitary praciices including washing their hands before
eating; failing to cover their noses and mouths by wearng approved respiratory protection
and swallowing contaminated dusts and water droplets; o1 eating and drinking in areas
{(including land disposal sites), whete dusts or water droplets could settle on food or drink.
Simple dust masks may not provide adequate protection from exposures via this pathway.

Direct Exposure Radioactive materials that emit gamma radiation are of concem because the gamma rays pose
an external radiation exposure hazard. Because gumma rays can pass through common
construction materals and most protective clothing, the distance between the radioactive
matetial and the persomn, as well as the time spent in proximity to the matedal are factors in
the amount of exposure the person receives. As gamma radiation travels through air,
exposure can occur neat a source of radiation as well as through direct contact. Workers
most likely to be directly exposed aze those who handle or wotk in the vicinity of tesin tanks,
residuals, flter backwash, and contaminated brines or waters, or participate in the
maintenance of the treatment system or the replacement and transpartation of filter media.

The Internationat Cormnrnission on Radiclogical Protection (ICRP) and Naticnal Council on Radiation Protection and
Measurements (NCRP) have recommended that facilities strive to make the levels of radiation to which the public and
the eavironment are exposed as low as reasonably achievable (ALARA) (i.e., below regulatory limits) raking into
account social and economic considerations. Steps that facilities can take include limiting the time that workers spend
handling radioactive materia), increasing the distance between workers and the material, and providing shielding from
the radioactive material,

In addition, OSHA has developed occupational radiation standards (see 29 CFR 1910.1096) that might apply
whenever an operator becomes aware of the presence of radiation at the facility. Although these standards may not
apply to municipal water treatment plant wotkers, these workers may be covered by their state OSHA program,
requiring that all controls, monitoring, record keeping, and training oudined in the OSHA standards-be met.

Additional OSHA standards that may be applicable to water sysrems include:

»  Requirements that personal protection equipment (or PPE, for the cyes, face, head, and extremities) such as
protective clothing, respiratory devices, and protective shields and barriers be provided, used, and maintained
whenever processes or radiological hazards capable of causing injury through absorption, inhalation, or
physical contact necessitate such equipment. There are numerous other requirements related to the
possession and use of PPE, including training for employees who would use the equipment. For more
informaton, see 29 CFR 1910.132-136.

»  Requirements for practices and procedures to protect employees in general industry from the hazards of entry
into permit-required confined spaces. For more information, see 29 CFR 1910.146.

»  Lockout/tagout requirements that require employets to establish a program and follow procedures for
' affixing appropriate lockout or tagout devices to energy isolating devices and disable machines ceequipment.
This avoids injury to employees by preventing unexpected energization, start-up, or release of stored energy.
For more informartion, see 29 CFR 1910.147.

»  Hazardous communication requirements that ensure the potential hazards of chemicals produced during or
impotted for treatment are evaluated and the information from this evaluation is communicated to employees
through measures such as container labeling, material data safety sheets, and employee training, among others.
These requirements do not apply to RCRA-defined hazardous waste or ionizing ot non-ionizing radiatior.
For mote information, see 29 CFR 1910.1200.
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In circutnstances whese a facility may in the future be licensed by the NRC or Agreement State, worker safety
precautions and radiation protection controls would take precedence {eg., 10 CFR 20,1900, which lists radiation
exposure posting requirements).

In addition to the OSHA requirements, systetns should be encouraged to follow the safety practices listed below,
These measures can reduce workers’ risk of exposure to radicactivity and radiozctive particulates:

Safety Mcasures

v Use an OSHA-approved respirator to avoid inhalation of biclogical pathogens and chemically toxic materals in
residuals. Simnple dust masks may not provide adequate protection.

v Limit time spent at land disposal sites to reduce inhalation of contarninated dust.
v/ Ventilate all buildings, especially where waste with high concentrations of radium is stored.

v ‘Take standard OSHA measures to limit the potential ingestion of heavy metals and biological pathogens present in
filters, residual sludges, and 2t land disposal sites to help reduce possible ingestion exposure to radioactive materdals,

v’ Use protective gloves and frequently wash hands (particulazly before eating and drinking) to reduce the potential for
ingeston. Similarly, avoid eating and ddnking in the vicinity of fadlities or land disposal sites where air suspension of
contaminated particulates ot water droplets could occur,

v Avoid direct contact with any solid TENORM waste and use shovels or other remote-handling tools duting extracton,
transfer, and packaging.

v'  Locate treatment units and waste storage areas as far away from common areas {e.g, offices) as possible.

v Shower after exposute to potentially radioactive matesials and launder work clothing at the system if possible, If
laundering equipment is not available, workers should keep and wash work clothing separately and avoid wearing
contaminated clothing into the home. Work boots or shoes should be wiped and cleaned after potential contamination.
They should stay at the system or not be worn into the home.

v’ Use gamma survey instruments ot equivalent monitors at least once annually to monitor the system’s ambient radiation
levels in areas where radionuclides are removed.

v Monitor levels of radiation to which staff are exposed. Systems should contact, or be referred to, state or other
radiation experts for mote information on how to monitor radiation levels,

Treatment plants that are licensed by the NRC or Agreement State should be referred to CFR Parts 19 and 20 for
licensee reporting, notification, inspection, 2nd safety requirements. Licensed facilities are required to post the
regulations listed under Parts 19 and 20, along with numetous other documents related to the license and the activities
conducted under the license. Employees likely to receive occupational doses greater than 100 mrem/year must be
kept informed and instructed on vatious issues related to health protection, relevant regulations, and the facility’s
storage and transport of radioactive materials, among other things. Licensees must also keep individual employees
informed of the annual radiation dose that they receive. Current and fortner employees can also request reports on
their exposure to radiation or radioactive material,

10 CFR Part 20 outlines requirements for licensees to develop radiation protection programs (10 CFR 20.1101), sets
dose limits and occupational limits for exposure to radiation (10 CFR 20,1201 to 1302}, instructs licensees on how to
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control access to areas where radiation levels are high or very high (10 CFR 20.1601 and 1602}, and sets restrictions on
the use of individual respiratory equipment (20 CFR 20.1703 and 1704}, among other things.

Part 20 also sets requirements related to storage and control of licensed material, including posting, signage, and
labeling requirements (10 CFR 20 Subparts 1 and ]). These regulations stipulate that licensees’ radiation protection
programs be designed around the ALARA principle and require licensees to limit air emission of radicactive material
(excluding radon-222 and its daughtets) so that the highest total effective dose equivalent received by any member of
the public is ao greater than 10 mrem/year. Part 20 also sets notification requirements in the case of an incident at the
licensed facility or for cases in which the facility is required to report exposures, radiation levels, or concentrations of
radioactive materials exceeding constraints or limits (10 CFR 20.2201 to 2203), Consult with your NRC regional
office or relevant state agency to ensure that any licensed facilides in your state are aware of these additfonal worker
safety tequirements.

I-E.3 Additional Safety Considerations

Radon is a natural decay product of radium and other radionuclides. It can vary in concentration by time of day or
seasonally. Itis appropiate for systems to consider radon protection measures when handling wastes containing
radium. U.S. EPA recommends that action he taken to reduce radon levels in homes and schools where testing shows
average concentrations of 4 pCi/L or greater. Although exposure to radon in homes or schools is evaluated
differently than occupational exposure, many nations and the ICRP recommend that interventon levels for exposure
to radon in hames also be used in workplaces.”” 1.5, EPA recommends that the action level used for homes and
schools be used for water systems.

If radionuclides or radiation have been found in drinking water or at a system, having operators who are trained in
treating for radionuchides, and handling, disposing of, and transporting TENORM waste, is highly recommended. In
addition, determine whether your state requires someone specifically licensed by the state or NRC to handle these
types of residuals. Operators should also be trained in how to measure radioactivity levels. Encourage systems to
check with the relevant state office regarding licensing requirements and training opportunities.

Assistance and advice are available from the approptiate State Radiation Control Program (see Appendix D), the
Conference of Radiztion Control Program Directors at http:/ farww.crepd,org, and the U.S, EPA Regional Radiation
Programs. For addidonal references on this and other topics discussed in this guide, see Appeadix G.

YICRP, 1993,
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rganizations Much of what can be labeled "TENORM" has only Federal Guidance
Regional Radiation trace amounts of radiation and is part of our everyday
Contacts landscape. However, some TENCRM has very high Naturally
Publications concentrations of radionuclides that can result in Qeeurring
elevated exposures fo radiation. Radioactive
Related Links Materials
Frequent Questions EPA is concerned about TENORM for three reasons. Radon
First, TENORM has the potential to cause elevated Radicnudides
exposure to radiation. Second, people may not be n \'Nam,! <

aware of TENORM materials and need information
about them. Third, industries that generate these Sunwise

materials may need additional guidance ta help Rad NESHAPs
manage and dispose of TENORM in ways that

. Regionat Programs

protect people and the environment and are

gconomically sound. MARSSIM
MARLAP

EPA is working to coordinate all of its TENORM Cleanup:

efforts with other federal agencies, state and tribal Technologies &

governments, industry and public inferast Tools

organizations. Coordinating our projects in this way Risk Assessment

will halp us see the problem as a whole and will allow

us to work together to develop solutions more Radiglogical

effectively both within the Agency and with Emergency

stakeholders cutside the Agency. Response
Clean Materials
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What EPA is Doing about TENORM?

EPA is working to understand the TENORM problem
and to develop effective ways lo protect humans and
the environment from harmful exposure to the
radiation in these materials. TENORM is a particularly
challenging problem in the U.S. because it is
produced by many indusiries in varying amounts and

http://www.epa.gov/radiation/tenorm/about.him 8/1/2005
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occurs in a wide veriety of products, Although EPA
and others working on the problem already have
learned a good deal about TENORM, we still do not
understand fully all of the potential radiation exposure
risks it presents to humans and the environment.

RPD's strategy is a fourpronged approach fo the
problem:

» Study the TENORM-produging industrigs to determine
what's in the wastes from the industries and how much risk
they pose.

+ Identify and study existing TENORM sites to assemble a
nation-wide view of the problem—where the wastes are,
what's in them, and the risks they present.

« Develop and provide education and quidance for safely and
economically controliing exposures to TENORM wastes.

« Work with other grganizations that are confronting the
oroblem of TENORM, including states, tribes, other federal
agencies, industry and environmental groups, and
international organizations. return to: [top] [previous Ioeation]

TENORM-Producing Industries

EPA has studied TENORM-producing industries in
the United States to learn which aspects of the
problem, including health and environmental risks,
are unigue to a given industry and which are common
across ali industries. The results of these studies will
appear as a series of reports on individual

industries. Each report will contain the following
inforration:

s generation of TENORM by the industry

content of the TENORM

» ways that people could be exposed to the
industry's TENORM

» potential effects of exposure to TENORM from
the industry

s how the industry handles or disposes of
TENORM wastes.

in addition, EPA and other federal agencies who have
radiation responsibilities have conducted a joint pilot
study of radionuclides including TENORM at sewage
freatment plants.

return to: [ipp] [previcus location)
Existing TENORM Sites

EPA is working cooperatively with several
organizations to ideniify TENORM sites and
characterize the contamination:

Navajo Nation

hitp://www.epa.gov/radiation/tenormy/about.htm 8/1/2005
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EPA, the
Navajo
EPA, and
.the Navajo
Abandoned
Mine Lands
Reclamation

Water-filled open pit Department

uranium mine, northern are working

Arizona together to

assess

hazards of radigactivity and abandoned uranium mines on the
Navajo Reservation. This work includes individual site
assessments, hazards mapping, planning for surveys to locate
houses built with uranium mine wastes and community education
on radiation hazards.

Colorado Plateau Data Coordinatlon Group

EPA is working with the multi~agency Colorado Flateau Data
Coordination Group Steering Committee {o develop geographic
information database on uranium mines and mills. The database
will identify and show the location of active and inactive uranium
mines and mills in eleven western states. It also will contain other
information about the sites. This is the first step in developing an
ecoipgical atlas about ihe Colorado Plateau for use by the public
and federal, state, tribal, academic, and industrial organizations.

EPA is providing assistance to the
Spokane Indian Tribe and the EPA
Superfund Program to clean up the
radiological hazards in water and solls
from an abandoned uranium mine that
is on tribal lands, EPA is assisting by
evaluating the radiological
contamination at the slte and Midnite Uranium Mine
site clean-up methods that provide NPL Site Washington'
radiation protection to tribal members state

and the environment and are also

economical. return to: [top] [previous location]

Information and Guidance

EPA has several activities underway that will help us provide
guidance to those who deal with TENQRM problems.

o Our studies of existing TENORM sites will give us
information we need to select appropriate methods for
estimating risks from these. sites, the best ways to clean up
the sites, and the most economical ways to dispose of the
TENORM.

« EPA sponsored a National Academy of Sclences evaluation
of existing methods for estimating the risk from TENORM
sites and existing guidelines for cleaning them up. EPA
sponsored the study at the raquest of Congress. NAS
completed its report, Evaluation of Guidelines for Exposures
to Technologically Enhanced Naturally Ocgurring
Radtoactive Malerials, in January of 1999. &t era

http://www.epa.gov/radiation/tenorm/about.htm 8/1/2005
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s EPA[ssued a Report to Congress, Evaluation
of EPA's Guidelines for TENCRM, describing
what it would do to implement the NAS's
recommendations,

¢ EPA develops and distributes information
about environmental issues in the mining
industry through the Nationa! Hardrock Mining
Compmnittee, Organizations across EPA that
work on these issues form the Committee,
which also coordinates mining-related
environmental activities across the Agency,

o EPAhas issued guldance to Its regional
personinel which are involved in site visits and
inspections. The guidance, Polential for
Radiation Contamination Associated With
Mingral and Resource Extraction industries
provides a listing of the various types of
mineral and other sites which might have
associated TENORM radioactivity. Agency
staff conducting werk at such sites are advised
to contact EPA's regional radiation protection
personne! for health and safety protection, as
well as advice on how o conduct radiation site
surveys, field sampling, cleanup and
monitoring.

return to: [top] [previous location)
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TENORM Sources: Summary Table -

TENORM Home

pooie &0
TENORM \
Sources The summary table below provides a range of reported Programs
concentrations, and average concentration measurements of
Summary Table TENORM in various wastes and materials. This is not a Pro
e oo . Pragrams Home
Laws & Regulations comprehensive list, as TENORM radiation is known to occur in
About TENORM many other materials, but should provide a general sense of the IPP Oversight
ou hazards posed by this class of radioactive substances. Yucca Min.
Working With Other Standards
L Note: i ast
Organizations
Regional Radiation Unless otherwise noted, the radiation level of each Federal Guidance
Contacts waste is shown in the units pCligram. For Naturally
Publications comparison purposes, the average level of radium in Occurring
soil ranges from less than 1 to slightly more than 4 Radioactivg
Related Links pCi/gram. "NA" indicates data is not available. Materials
Frequent Questions Radan
Product or Byproduct: Radiation Level [pCi/g] Radionuglides
low  average high in Walgr
SunWise
Soils of the United States 0.2 NA 42 Rad NESHAPs
Redicnal Programs
t
Goothermal Energy Waste Scales 10 132 254 MARSSIM
Petroleum (oll and gas) MARLAE
Produced Water 0.1 NA 9,000 Technologies &
[pCifl Tools
. Risk Assessment
Pipe/Tank Scale <025 <200 >100,000 :
Radiglogical
Water Treatment Emergency
Response
Egﬁlt]ment Sludge 1.3 t1 11,686 Clean Materlals
Laboratorles
Treatment Plant NA 40,000 NA
Filters
Aluminum
Ore (Bauxite) 44 NA 74
Product 0.23

http://www.epa.gov/radiation/tenorm/sources_table.htm 8/1/2005
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Production Wastes NA 3.9-586 NA

Coal and Coal Ash

Bottom Ash 16 3.5486 7.7
Fly Ash 2 5.8 9.7
Copper Waste Rock 0.7 12 82.6

?ﬁ?omg_ TENOCRM in SW Copper Belt of Arizona
[EPA 402-R-99-002]tabout pdf formal]

Fertilizers (Phosphate & Potasslum) Phosphate

Ore (Florida) 7 17.3- 6.2-53.5
39.5
7.3 11.7- 36.7
Phosphogypsum 245
Phosphate Fertilizer 0.5 b7 21

Gold and Silver

Rare Earths
{Monazite, Xenotime, Bastnasite) 57 NA 3224
Titanium Ores 8.0 24.5
Rutile . 19.7 NA
limenite NA 5.7
Wastes 39 12 45
Uranium
Uranium Mining low
Overburden hundreds
Uranium In-Situ 3 30 3000
Leachate Evaparation
Pond
Solids 300
Zircon 68
Wastes 87 1300

raturn to: [top] [previous location]

http://fwww.epa.gov/radiation/tenorm/sources_table. htm 8/1/2005
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Waste Control&Cleanup

Superfund

Kerr-McGee to Pay $74 MIIllon for CIeanup
Of Radioactive Material in West Chicago Area

HICAGoﬂKerraMcGee Chemical LLC will pay
c $74 million to. remove radioactive material. from
waterways west of Chicago under the terms of a
superfund settlement reached April 20 with three fed-
eral agencies and Titinois (United States v. Kerr- McGee
N.D. L, N¢. 05C-2318, 4/20/0%5). -
The settlement terms were spelled out in a consent

decree entered in the U_S_ Dlstnct Court for the North-

ern District of Ilindis.

Under. the settlement, Oklahoma Clty -based Kerr-
McGee will be respons1b1e for excavating 77,000 cubic
vards of radioactive material from the West Branch of
the DuPage River and Kress Creek and disposing of the
waste in a fagility licensed to handie such materlal

Restoring- Natural Habitat. The company also will be
required to restore the natural habitat of the region by
repairing damage to vegetation, banks, and waterways

resulting from the contamination and the cleanup ac-

tivities.

The federal agencies involved in the settlement in-
cluded the Environmental Protection Agency, the De-
partment of Justice, and the Department of the Interior.

MHlinois Attorney General Lisa Madigan also partici-
pated in the settlement on behalf of the state Environ-
mental Protection Agency and the state Department of
Natural Resources.

The consent decree and the resulting cleanup effort
mark the final phase of an environmental remediation
effort involving radioactive waste generated beginning
more than 70 years ago at the Rare Earths Facility in

West Chicago. Kerr-McGee already has spent more

than $550 million over the last decade to address the
problem.

“Today marks a major victory for the citizens-and en-
vironment of the Chicago area,” said Kelly A. Johtison,
acting assistant attorney general in the Justice Depart-
ment's Environment and Natural Resources: Division.
“The last radioactive contamination from the opera-
tions that ceased long ago will be cleaned up, and the
natural resources in the area will be restored.”

Cteanup to Take Four More Years. John Christiansen, a
corporate spokesman for Kerr-McGee, said, “Kress
Creek is really the last piece of this project. After the en-
tering of the consent decree we expect the cleanup to
be completed in four years.”

Rebecca Frey, EPA's remedial project manager for
the Kress Creek/DuPage River site, told BNA the envi-
ronmental problém began in 1932 when the Rare Earths

Facility was operated by Lindsay Light and Chemical :

Co. and then various succesSor orgamzations

For 50 years, the Rare Earths Facility producéed non-
radioactive elements known as !‘rare garths” and radio-
active elements such as thorium, radium, and uranium

along with gas lantern mantes. The facility’s processes
resulted in the generation of radicactive mill tailings
that contained residual levels of thorium, radium, and
uranium as well as certain other insoluble metals.

Kerr-McGee purchased the Rare Earths Facility in
1967 "and mamtamed operations there unfil it was
closed in 1973,

During the Rare Earths Facility 's years of operation,
it anid the surrounding area became contaminated when
radioactive mill tailings were discharged and carried by
storm sewers into nearby Kress-Creek and from there
downstream t¢ the West Branch of the DuPage River.

Frey said 'EPA became involved in the area in 1993

when an initial remedial investigation and. feasibility
study were undertaken. Four separate areas were de-
signed :as superfund sites. Cleanup began the following
year under unilateral administrative orders from EPA
compelling Kerr-McGee to commence remedlatlon ac-
tivities.

~During .the ensuing years, Kerr-McGee funded.- the
clea.nup of 675 residential properties, where 110,782 cu-
bic yards of radioactive soil was removed,

The .company also cempleted the remediation of
Reed-Keppler Park, where mill tailings were dumped
prior to the area’s development as a park. That portion
of the project removed 114,652 cubic ya.rds of radioac-
tive material. .

In addition, Kerr-McGee oversaw the cleanup of the
West Chicago sewage treatment plant, which involved
the removal of 6,281 cubic yards of contaminated soil,

More Than $550 Mitlion Spent. Kerr-McGee's Chris-
tiansen told BNA the company already has spent $120
million on these three remediation projects. In addition,
the company hds spent $440 million to decommission
the Rare Earths Facility pursuant to its license from the
lliinois Emergency Management Agencys Division of
Nuclear Security.

- With the April 20 consent decree, Frey said the final
chapter has been written with respect.to one of the larg-
est superfund sites in Illinois history.

The decree requires the cleanup of eight miles of wa-
terways in the vicinity of West Chicago.
~ She said that while the effort would take approxi-

ately four years, a substarttial portion of the work

quld be completed before the end of 2005..

e the cleanup costs under the decree are estl-
mated at $74 million, Kerr-McGee’s habﬂtty will be
much higher. According to the Justice Departrnent, the
company will pay an edditional $6 million into super-
fund for past costs incurred by EPA. It will also reim-
burse the agency up to $1.675 mllhon in future over-
sight costs.

The company will pay $100,000 and $75 000 respec-
tively to the state of Illingis and to the Department of
the Interior for costs relating to natiiral resource resto-

ENVIRONMENT REPORTER  ISSN 00139211

BNA  4-22.09
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@:\: KERR-MCEGEE CHEN i 1005 58 TI0M

WEAR-MEGEE CENTER o OKLAMGMA CITY. CKUAHCMA 73125

Aprit 21, 1898
LKE-057

BY AIRBORNE

TO: Mr. David P. Seely
The Superfund Divisign
U.5. EPA, Region 5
77 W. Jackson Blvd. (SR-8J)
Chicago, Hlinois 60604-3590

SUBJECT: Request for Historical Data — REF Tailings and Sediments
REFERENCE: Kerr-McGee Reed-Keppler Park Site ("RKP Site)
Dear Mr. Seely:

During our meeting on April 8, 1998, you requested information regarding the types of 11(e)(2)
materials that could have been originally used as backfill at Reed-Keppler Park (RKP). We
discussed the information contained in U.S. EPA documentation, the U.S. NRC document,
Radiclogical Survey of the Reed-Kepoler Park Site West Chicago, lllinois, NUREG/CR-3035,
prepared by Radiation Management Corporation (November 1982}, the Enginesring Report (1986)
and information contained in the records of Kerr-McGee Chemical LLC. This information all
indicates that the only Rare Earths Facility (REF) material used as backfill was tailings.

| am enclosing copies of the pertinent pages from Volume VIII, Appendix E (binder 8 of 20) of the
Engineering Repor (1986). These three tables provide radiochemical data and statistical results
for the two primary solid waste materials produced at the West Chicago Rare Earths Facility
(REF),

Tailings

Tailings were produced as a consequence of unreacted or tuinextracted materials in the ore. That
is, tailings remain as the solid waste following extraction (commonly called “winning™) of the
desired materials from the primary ore. Tallings from monazite ore processing, produced from
1932 through 1964, consisted primarily of ~10% unreacted ore constituents (largely branerite
phases), ~10% mixed barium/radium sulfate and ~80% unexiracted rare earth oxides. The bulk
of the tailings typically ranged from 1,500 to 3,000 pCifg, though some batch lots were up to as
high as 30,000 pCi/g.

The average concentrations for the “parent” radionuclides are:
= U-238 14 pCilg

Th-232 & Ra-228 1,357 pCifg (in secular equilibrium)
+ Ra-226 812 pCilg
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LKE-087, Apr.l 21, 1998

The ratio of Ra-228 to Ra-226 averages 1.7 to 1. The uranium concentration is negligible relative
to the radium-226 and radium-228.

The low ratio of Ra-228 to Ra-226 is the direct result of ~10% barium sulfate being added to the
ore, prior to processing, as a “hold-back carrier” for radium. The barium sulfate caused the
radium-226 to remain with the tailings.

Sediments (Sludge)

Pond 1 “sludge only” and Sludge Pile “siudge only” are often called sediments. A one-time
dredging of Pond 1 conducted around the mid-to-late 1950s created the Sludge Pile. The sludge
(sediments) consist primarily of unrecovered rare earth fluorides along with some thoriuny fluoride,
rare earth phosphates, radium fluoride and uranium fluorides. The rare earth, thorium and radium
fluorides and phosphates are extremely insoluble in aqueous solutions. While uranium

tetrafluoride is also very insoluble in agqueous sclutions, some uranyl fluorides were present; uranyl
fluorides are highly soluble in water.

The average concentrations of the “parent” radiohuclides, corrected for the relative volumes of
Pond 1 sludge to Sludge Pile sludge, are:

o U)-238 222 pCilg
e Th-232 & Ra-228 4,183 pCifg (in secular equilibrium)
« Ra-226 255 pCi/g

The ratic of Ra-228 to Ra-226 averages 16.4 to 1. The uranium concentration is negligible relative
to the radium-228; the apparent similarity between the uranium and radium-226 concentrations is
coincidental. The high ratio of Ra-228 to Ra-226 is the direct result of ~10% barium sulfate being
added to the ore, prior to processing, as a “hold back cammier” for radium. That is, the radium-226
remained with the tallings.

Frc ' an engineering perspective it is unlikely that sediments (or sludges) would have been used
for backfill. These materials run nominally 70+% water, and an area backfilled with sediments
would have experienced significant and continuing subsidence over years of time,

If you have any questions please contact me at 405-270-3792 or Garet Van De Steeg at 405-270-
3574.

Very truly yours,
KERR-McGEE CHEMICAL LLC

/AT

J. D. White
Offsites Project Manager

Enclosures
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LKEDAT April 21, 1498

Jedlicka

ce D M.

M. S. Krippel

R. A. Meserve

G. F. Pilcher

G. E. Van De Steeg

File RKP 1.4-1
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C-27972 - ¥Z5T CHICARD LOCATIGN: TAILINES FILE - TAILINGS OWLY

DK MO SAPLE ML U238 UZ3B  THXI?  TH232 RAZDE  RAZ36 UTW GAN OVH EAM TOT 6A  TOT GAN
BEPTR  VALUE  ACTU  VALUE  ACCU  VALLE  ACCU  VALUE  ACCU  VALIE  ACCU

245 1 2.0 0.0 0.0 25.¢ b T TV 42.9 0.0 0.0 30560 54,0
245 2 3.0 78.0 105.6  1597.0 32.0 6140 nro 0.0 0.0 2.8 18,0
245 2 4.0 b9 13Le e A L0 TR ) 0.0 0.0 3227.0 26,0
285 2 5.0 0.0 0.0 2128.% e BI%.0 3.0 0.0 0.6 3I0CR.0 55,0
%5 3 8.0 0.0 i20.0  2182.0 40.0 67,0 143.0 0.0 0.0 I1§7.0 194,40
245 3 1.0 6,0 0.0 1930 2.0 7.8 35.0 0.0 0.0 27160 A<D
285 4 8.0 1.0 42,0 %0 “wo I 180, ¢ 0.0 9.0 350 28,0
T ous ' 9.0 0.0 0.0 178%.0 2.6 8.0 4.0 0.0 0.0 1%9E.0 52.0
285 ' 10.0 0.6 0.0 17330 9.0 750.0 e 0.6 0.0 2475.0 47,8
U5 5 1.0 0.0 6.0 1910,0 29.0 764,90 36,0 0.9 0.0 26740 8.0
%5 5 1.0 0.0 0.0 1892.0 .0 15,0 43,0 0.0 0.0 2815.0 3
H b 13.0 0.0 0.0 17140 3.0 B29.¢ 0.0 0.0 0.0 254T.0 5.0
255 & 14.0 0.0 0.0 14550 28.0 1920 .0 ¢.0 0.0 4870 19
265 7 15.0 0.0 0.0 1839.0 30.0 TR 3.0 0.0 0.0 2643.0 B
265 7 1.0 0.0 0.0 0 0 TR 53.0 1.0 0GB T
265 ? 17.0 0.0 b0 8.0 10.0 12,0 106,0 418.0 £7.0 988.0 5.0
265 8 18.9 4.0 26,0 171.0 53.0 9358, 34,0 ¢.0 0.0 &30 =ikl
255 ] 9.0 0.9 0.0 52.0 17.0 §2.0 25.0 51,0 £2.9 165.0 2.0
25 § 0.0 0.0 0.0 14740 54,0 2906.0 78,0 45.0 I4.0 0 44550 101.0
265 9 21.0 0.0 0.0 uw.o 5.0 14990 45,8 0.0 0.0 3629.0 58.0
245 p 22,0 0.0 0.0 0830 3.0 13740 38.0 $.0 0.6 3457.¢ 5.5
S 10 .0 5.0 0.0 1898.0 7.0 1300 35.0 0.0 00 320 4,0
245 10 2.0 0.0 .0 2338.0 8.0  (420.0 MW 0.0 0.0 37580 §4.c
245 1 5.0 13.0 05,0 2103.0 20,0 1495.0 7.0 0.0 6.0 J61.0 0
255 12 28.0 0.0 0.0 2019.0 0.0 17340 38.0 o0 0.0 32550 {E.¢
" 2hb 1 2.9 .0 10.0 122.0 3.0 21.% 11.0 0.0 1.§ 170,0 1%.0
265 2 1.0 20,0 71,0 12800 250  TEE.0 8.0 5.0 0.0 2067.0 10,0
264 3 5.0 0.0 9.0 7860 2.0 590.0 $6.0 93.0 28,0 14466 5.0
266 3 b9 5.0 b 7800 2.6 STh.0 5.0 LI W0 14200 75.0
26b 3 1.0 0.0 0.0 Bb40.D 40,0 0.0 53.0 100.0 7.0 12260 7.8
286 { 8.0 0.0 0.0 TR0 Mo M §3.0 134.0 J000 1.0 2
25 4 .0 0.0 0.0 BiS.0 8.0 S0 880 2.0 4.0 160%.0 R
264 5 }0.0 0.0 0.0 NMLe 0.0 5t5.0 B80.0 185.0 1.0 14910 nq,0
2%b 5 1.0 0.0 .t ML 2.0 5.0 56.0 108.0 8.0 1206,0 5.0
I b 12.0 0.0 0.0 708.¢ .0 8050 0.0 100 0.6 WH.¢ 190
244 [ 13.0 0.0 0.0 NHLO 8.0 B0 8.0 124.0 Be .0 6,0
244 1 14,0 0.0 0.0 802.0 3.0 5o $7.0 139.0 10 14740 9.0
244 7 15.0 0.0 60 TG 3.0 5.0 7.0 14,0 0 1520.0 §6.0
248 ] i6.0 0.0 0.0 0020 5.0 5310 §7.0 144.0 I5.0 1448.0 9.0
286 ¥ 7.0 no 00 WD 8.0 5.0 73.0 155.0 380 15%.0 3.0
246 1 ] 18.0 0.0 0.0 TS0 0.0 9.5 §6.0 .0 J5.0 0 1ML0 .0
26 1 11.0 0.0 0.0 Ha.0 [T TR ) 42,0 2.0 3.0 L7440 83,0
W 10 0.0 0.0 6.0 82,0 560 &3N0 N ) 159.0 B L0 100.0
A 0 21.0 0.0 00 e 0.0 5070 6.0 130.0 5.0 t350.0 1.0
24 1 1.0 0.0 0.0  TiLe o sU 7.0 mn.e .0 14540 104,0
ue 12 0.0 0.0 0.0 1%%.0 19.0  8dd0 3.0 0.0 0.0 27m.0 30.0
m _ 2 4.0 3.0 6.0 130 0.0 11250 70.0 0.0 0.0  2615.0 5.0
e 3 5.0 0.0 0.0 14300 1.0 9310 4.0 0.0 0.0 2381.0 I0.0
n 3 6.0 0.0 0.0 610 0.0 LD 4.0 110.0 Mo 1760 0.0
70 3 1.0 0.0 0y 9530 5.0 &%%.0 46.0 87,0 M0 L8790 91.0
23-Dec-8S PASE 1
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BN SAPLE SWPL U8 €238 T3 THZZ RAZ36 RAZ3¢  OTH AN QTH GAY  TOT GAM  TOT AN
DEPTH  VALUE  ACCU  VALLE  ACCU  VALLE  ACCU  VALE  ACCY  VALE  ACCY

270 ‘ 8.0 0.0 6.0 1023.6 &40 4760 BLO 1210 3.0 1826.0  113.0
270 ' 9.0 .0 .0 (S350 2.0 11230 900 0.0 0.0 2667.0  123.0
270 5 10.0 0,0 0.0 96O S0 a0 70,0 B0 360 1050 950
e 5 ito 0.0 0.0 WO 560 &7L,0 7.0 .0 3.0 18930 98,0
m 5 12.0 0.0 6O L0 ST0 B8 THD B0 380 1400 10%.0
e 5 13.0 9.0 0.0 W0 S0 @& £B.0 BB 3A0 qS[Y.p §n.0
0 b 1.9 0.0 0.0 WMILO  Sa0 S0 720 ELD A T T N
70 7 5.0 0.0 6.0 875.0 540  SI.0 &0 9.0 Fe0 1490 5.0
27 ! 1.0 0.0 0.0 7006 M40 30 SN0 a0 .8 1306 TE.C
m : 17.0 0.0 0.0  #28.0  35.¢  S4a0 70 foh0 35,0 H4BC.6  9E.C
n ¥ (1.0 0.0 0.0 TH.0 S0 5.0 &R0 49,0 3O 1I3Le 9ne
m 10 0.0 0.0 0.0 7880 510 $05.0 60 920 I4G  I38E.0 95,0
7 i 2.0 0.0 8.0 BSIL0 M.0 SIS0 ST.O0 ML0 6.0 1IN0 7RG
m t 3.0 0.0 0.0 958.0 490 SSG0 830 1250 IO 16350 66.0
m z 5.0 6.0 0.0 790 350 SeLo 460 .0 N0 W30 4Z.0
m 3 5.0 0.0 6.0 5210 1506 3570 9.0 2.8 B4 9Ie0 2.0
i} 1 7.0 6.0 6.0  7B0.0 38,0 5100 490 940 5.6 13800 &%.6
271 ! 5.0 0.0 0.0 8200 450 5880 5.0 1120 300 1520.6 86,0
271 t %0 0.0 0.0 8430 S0 9.0 8.0 1380 350 1S7S.0  92.0
1 5 10.0 0.0 0.0 B30 6.0 5070 &h0 1360 .0 4796 BTG
m 5 1. 8.0 60 B0 550 ST 760 )80 3RO 1SeTo  100.0
ol 5 12.0 0.0 8.0 O 4B.0  W4L0 420 1%.0 330 (3750 BS.O
m b 1.0 8430 60 £21.0 120 6.0 HLD B0 TR0 18960 5.0
pod i 14,0 0.0 0.0 7800 4RO SO 830 [32.0 3RO 15060 6.0
m 7 15.0 0.0 5.0 @30 530 4150 7.0 %8 3.0 18030 95.0
m 1 16.0 0.0 0.0 3.0 0.0 6N 930 ;S0 SO ITBLO 1270
m 1 e 0.0 0.0 TL0  60.0 4960 BO0 1720 420 16150 106.0
Poj 8 18.0 8,0 0.0 800D 49.0 520 &40 130 350 49e0  BT.0
7 9 1.0 0.0 0.0  TBLO 560 S08.0  TEO ITI0 400 14830 101.0
m 2.0 0.0 0.0 860 490 S9.6 860 34,0 360 IS0 67.0
m LI T 8.0 0.0 BOT.0 0.0 5890 8O0 9T.0 430 ISTNO 105.0
m T 0 0.0 0.0 1003.0 460  SY8.0  Be.0 3.0 47.0  1BOA.0  450.0
m VR X 9.0 0.0  ¥82,0 70 380 9RO MT.0 540 8AL.0 1369
m TR TN 0.0 0.0 vSE.0 B0 TS0 900 320 480 19320 122.0
m 1 2.0 0.0 00 11320 420 M0 S0 X0 0 &Skt 7.0
m 2 LA M50 WIS0 1330 1320 050 528.0 0.4 0.0 20270 T23.0
m 2 6.0 8.0 0.0 M3 20 580 I8 0.0 00 010 6.0
mn 3 5.0 0.0 0.0 1AUS® 2.0 W6 M0 0.0 0.0 17RO A0
m 3 &0 N0 FLO 10000 [0T.0  475.0  406.0 8.0 0.0 18460  SA1.0
m 3 .0 0.0 0.0 b0 290 w40 3.0 0.0 0.0 .0 4.0
m ' .0 0.0 0.0 IS8 20 MLD 20 0.0 0.0 213n.0 TS0
m 4 .0 2.0 0.0 1620 300 830 400 0.0 0.0 24m.0 5.0
m s 10,0 0.0 0.0 ISY3.0 30,0 TIN0 3N.b 0.0 0.0 23WO 4.0
mn s e 2.0 150 KNG 350 B2 10 0.0 0.0 MO0 1760
m 5 12,0 0.9 8.0 WI0 W0 WO 4.0 0.0 6.0 2000 0.0
m b 13.0 0.0 50 IN3.0 320 0.8 &30 0.0 0.0 24709 SO
m 'S TN 0.0 0,0 17050 2.0 BM.0 3.0 0.0 0.0 25406 40
m 7 15.0 0.0 0.0 1MF.6 240 B4.0 3.0 X 0.0 2430 WD
m 7 %.0 0.0 0.0 14310 250  ple0 320 ¢.0 0.0 2087.6  &L.0
m 7 17.0 0.0 0.0 W30 2.0 B0 2.0 0,0 0.0 0,0 340

23-Dec-§5 PAEE 2
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pH WD SWELE sweL U238 U238 THZ3Z  TM232  RAZ6  RA235 QT GAM OTH GAM  TOT EAX  TOT GAN
BEPTH  VALUE  ACCU  WALUE  ACCU  VAWKE ACCU  VALUE  ACCU  vALUE ACCy
I m B 18.0 8.0 0.0 B0 20,0 6.0 24,0 0.9 0.0 0 .0
m ] 19.0 0.0 0.0 1048,0  35.0  448.0 o TG0 230 15900 sLO
m L e 880 12e 2.0 bl me 0.0 0.0 20510 105.0
| m 2 2.0 0.0 0.0 20080 5.0 40 200 0.0 0.6 27050 6.0
m ? .0 0.0 0.0 10236 3.0 4ES.6 470 e D 5N §7.0
m 10 2.0 0.0 6.0 ISI9.0 20 M0 22,0 0.¢ 0.0 2230 3.0
l m (1 I R 0.0 0.0 1373.0 it.0  88s.0 %o 0.0 0.0 2258.0 30.0
rill ! 0.2 0.0 0.0 EOTS.0  240.0  4110.0  325.0 0.0 0.0 1850 4040
ra 1} 2 1.0 0.0 0.6 M0 5RO X0 6T 4.9 .0 eRIZLE RO
peld 2 2.0 6.0 0.0 020,020 5430.0 1.0 0.0 0.0 104568 150.0
I 299 R 0.0 0.0 Jo%4.0 450 25396 SN0 0.0 0.0 5e3l.¢ 70
.l ' 1.0 0.0 0.0 425.¢ 8.0 IO WLO S 540 Be2LL0 iSO
pall 5 5.0 0.0 0.0 370 5.0 L0 BLO 0.0 0.0 TeER.C |
l 00 3 S0 15D 020 2970.0 360 B26.0 12,0 0.0 0.0 3.0 156
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303 2 .0 0.0 0.0 173%,0 7.0 BaE.0 7.0 LD 51,0 2740 130

303 3 5.0 0.0 0.0 %0 0.0 580.0 35.0 500 7.0 1515.0 18.6

303 I b0 00 a0 W 6.0 8150 %.0 6.0 2.0 16910 53.0
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J08 ! 20 0.4 0.0 {15.¢ 8.0 §94.0 148,0 .0 W.¢6  LE0T.0 a0
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e 12 18.0 0.0 0.0 42810 400 t1.5 .0 (360 750 49140 87.0
20 [ 5.0 0.0 o0 170 $4,0 12,0 850 2050 0 40390 9.0
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T SEV., w W8 M1 WILE W IS i 5.6 257 19ELY WL
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