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Dear Judge Luis:
For more than forty years, I have worked in the field of radiological assessment and
monitoring, including evaluation of radiation instrumentation and training in radiation
monitoring procedures. I have been involved with commercial Nuclear Power Plants
since the days of the Atomic Energy Commission (AEC). I started working at San
Onofre Nuclear Generating Station (SONGS) in 1967, then I worked at Diablo Canyon
NPP, Farley NPP, Clinton NPS, Seabrook NPP, and Rancho Seco NPP. I have been with
the Department of Energy since 1989, first at the Waste Isolation Pilot Plant in Carlsbad,
NM then at Los Alamos National Laboratory since 1993. I am currently on the American
National Standards Institute (ANSI) committee that is revising ANSI N320, which is
radiation monitoring for Nuclear Reactor emergencies. I am also on four other ANSI
standard committees (I am chairman of one) plus three International Electro-Technical
Commission (IEC) standard committees. I am currently a Staff Health Physicist at the
Los Alamos National Laboratory and a Fellow of the Health Physics Society. A copy of
my curriculum vitae is attached with this letter.
I was contacted by the Prairie Island Nuclear Generating Plant (PINGP) Study Group and
asked to advise the group regarding state-of-the-art monitoring of radiation releases at the
PINGP. In connection with a presentation on monitoring of radioactive air emissions,
which I gave for the Health Physics Society in Minneapolis on July 14, I also met with
representatives of the PINGP Study Group and the Minnesota Health Department. I have
reviewed portions of the Draft Environmental Impact Statement for the current
proceedings involving the PINGP and the 2008 Annual Radiological Environmental
Monitoring Program (REMP) Report, which describe the nature, and locations of various
monitoring devices for the PINGP. I am also aware that the Prairie Island Indian
Community, whose members live immediately adjacent to the PINGP, has requested
improved monitoring of radioactive releases at various times and through various media.
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In my judgment, there are significant improvements that could be made in radiation
monitoring at the PINGP to provide real-time information on releases, more accurate
identification of emission plumes and better public access to monitoring data.
Real-time monitoring of radiation emissions outside the plant is important to understand
the extent, location and dispersion of releases both for regular operational releases and in
the event of an incident. Real-time monitoring within the nuclear plant is likely to advise
operators that a release has occurred, but will not provide information regarding the
effects of that release outside the plant.
In the case of an independent spent fuel storage installation (ISFSI), the absence of realtime radiation monitoring means that the plant is relying on pressure sensors as the sole
method of detecting a leak in spent nuclear fuel storage cases.
Thermoluscent dosimeters (TLDs) are insufficient to provide real-time information.
Pressurized ion chamber technology with on-line communication of results is the stateof-the-art method for monitoring releases of gamma radiation, such as that released from
spent fuel storage casks. The Department of Energy has a program at the Nevada Test
Site where citizens are trained to operate and maintain 29 monitoring locations which
consist of equipment for the real-time on-line monitoring of airborne radioactivity,
gamma radiation, and meteorological conditions, which has the benefit of reducing costs
as well as involving members of the public. This monitoring program is known as the
Community Environmental Monitoring Program (CEMP) and is funded by the
Department of Energy's National Nuclear Security Administration and administered by
the Desert Research Institute.
For emissions to air, best practice is to locate continuous air monitors in a ring around the
perimeter of the plant and in an additional outer ring to provide information on the size,
location and dispersion of any airborne plume. PINGP air emissions monitors are
insufficient in number as well as insufficient to provide real-time information.
Sufficiency in the number and location of monitors and correlation with weather
(temperature, humidity, wind) information is necessary to assess as well as predict air
emissions plumes and dispersion in the environment.
Sampling of surface and ground water, similarly, must be robust and appropriately
located to identify the nature, location and dilution of any water-borne plume, as well as
conducted in real time. Sampling of Mississippi River water for tritium at a single
location is likely to be insufficient to identify any plume of radioactive materials from the
PINGP. Tritium is relatively similar to hydrogen, which makes it readily bond with

oxygen as tritiated water, which is easily ingested in food and water or absorbed
through the skin.
Monitoring of groundwater requires a geological survey to site wells so that they identify
potential releases. Reviewing elevated tritium findings in wells identified in the PINGP
2008 REMP (particularly P-10 and MW-8 on page E-10), it should be noted that tritium
has a half-life of 13 years. Ongoing elevation of tritium may be evidence of an ongoing,
rather than a historic release, and elevated tritium levels at various locations may indicate
multiple rather than a single release point. Additional assessment and monitoring would
assist in identifying the source of tritium releases to groundwater.
I would also note, as I pointed out to members of the PINGP Study Group, that
monitoring and assessment should also be designed to ensure that a nuclear power plant
is in compliance with 10 C.F. R. 50, Appendix I. The annual limits to any member of the
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public under this section of the Code of Federal Regulations are 3 millirems/year to the
total body or 10 millirems/year to any organ from liquid effluents, 10 millirads/year from
gamma radiation or 20 millirads/year from beta radiation due to gaseous effluents; and 5
millirems/year to the total body or 15 millirems/year to any organ (including the skin)
from radioactive iodine and radioactive materials in particulate form in effluents to the
atmosphere.
The question was asked of me whether the Appendix I exposure limits are doubled or
tripled if a nuclear power plant was more than one unit. This is not a correct
understanding. The Appendix I exposure limits to protect the public are not doubled or
tripled if a nuclear power plant has more than one unit; they apply to the nuclear power
reactor within the fence line and its potential effect outside the fence line on members of
the public due to radiation exposure. I have included a copy of these regulations with my
letter.
I understand that Xcel Energy is proposing to increase both power generation at the
PINGP and storage of spent fuel at the PINGP ISFSI. Particularly if these proposals are
approved, I would recommend utilization of state-of-the-art technology and real-time
monitoring to assess potential emissions and exposures to the public both over time under
routine operations and in the event of a non-routine release. I would be available to assist
either the PINGP operator, the Health Department or a community oversight group in
planning and design to improve radiological monitoring at the PINGP and its ISFSI. My
recommendations are as follows:
Air Emissions: Re-evaluate number and locations of PINGP control and indicator
locations. Design and implement real-time air effluent monitoring with on-line
communication of results. Identify indicator locations in a ring at the perimeter of
PINGP and in an outer ring to provide information on dilution concentrations and
direction of any airborne plume.
Surface Water Effluent: Design monitoring of effluents in Mississippi River water
based on hydrology, identifying multiple indicator locations (current indicator
location is at Lock and Dam #2) as well as appropriate control sites. Sample on a
daily basis using automatic samplers and send a composite to lab for monthly
analysis.
Ground Water Contamination: Review appropriateness of control and indicator
ground water monitoring locations based on plant operations, geological survey,
drinking water well sites. Design and implement a system that includes real-time
monitoring for alpha, beta and gamma radiation and tritium and on-line information
on results.
Gamma Radiation: Design and implement real-time gamma radiation monitoring
program using pressurized ion chamber technology with on-line communication of
results and citizen assistance in checking equipment. Site indicator locations in a ring
at the perimeter of ISFSI and in an outer ring, in addition to existing TLD monitors.
Best practice is to co-locate the gamma radiation monitoring equipment with the air
effluent monitoring equipment.
General:
• Implement a program sampling natural vegetation near the plant perimeter in
addition to specific food samples.
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CHAPTER I--NUCLEAR REGULATORY COMMISSION

PART 50_DOMESTIC LICENSING OF PRODUCTION AND UTILIZATION FACILITIES
Sec. Appendix I to Part 50--Numerical Guides for Design Objectives and Limiting
Conditions for Operation To Meet the Criterion ``As Low as is Reasonably Achievable''
for Radioactive Material in Light-Water-Cooled Nuclear Power Reactor Effluents
SECTION I. Introduction. Section 50.34a provides that an application for a
construction permit shall include a description of the preliminary design of equipment to
be installed to maintain control over radioactive materials in gaseous and liquid effluents
produced during normal conditions, including expected occurrences. In the case of an
application filed on or after January 2, 1971, the application must also identify the
design objectives, and the means to be employed, for keeping levels of radioactive
material in effluents to unrestricted areas as low as practicable. Sections 52.47, 52.79,
52.137, and 52.157 of this chapter provide that applications for design certification,
combined license, design approval, or manufacturing license, respectively, shall include
a description of the equipment and procedures for the control of gaseous and liquid
effluents and for the maintenance and use of equipment installed in radioactive waste
systems.
Section 50.36a contains provisions designed to assure that releases of radioactive
material from nuclear power reactors to unrestricted areas during normal conditions,
including expected occurrences, are kept as low as practicable.
SECTION II. Guides on design objectives for light-water-cooled nuclear power
reactors licensed under 10 CFR part 50 or part 52 of this chapter. The guides on design
objectives set forth in this section may be used by an applicant for a construction permit
as guidance in meeting the requirements of Sec. 50.34a(a), or by an applicant for a
combined license under part 52 of this chapter as guidance in meeting the requirements
of Sec. 50.34a(d), or by an applicant for a design approval, a design certification, or a
manufacturing license as guidance in meeting the requirements of Sec. 50.34a(e). The
applicant shall provide reasonable assurance that the following design objectives will
be met.
A. The calculated annual total quantity of all radioactive material above background
\1\ to be released from each light-water-cooled nuclear power reactor to unrestricted
areas will not result in an estimated annual dose or dose commitment from liquid
effluents for any individual in an unrestricted area from all pathways of exposure in
excess of 3 millirems to the total body or 10 millirems to any organ.
--------------------------------------------------------------------------\1\ Here and elsewhere in this appendix background means radioactive materials in
the environment and in the effluents from light-water-cooled power reactors not
generated in, or attributable to, the reactors of which specific account is required in
determining design objectives.
--------------------------------------------------------------------------B.1. The calculated annual total quantity of all radioactive material above background
to be released from each light-water-cooled nuclear power reactor to the atmosphere
will not result in an estimated annual air dose from gaseous effluents at any location
near ground level which could be occupied by individuals in unrestricted areas in excess

of 10 millirads for gamma radiation or 20 millirads for beta radiation.
2. Notwithstanding the guidance of paragraph B.1:
(a) The Commission may specify, as guidance on design objectives, a lower quantity
of radioactive material above background to be released to the atmosphere if it appears
that the use of the design objectives in paragraph B.1 is likely to result in an estimated
annual external dose from gaseous effluents to any individual in an unrestricted area in
excess of 5 millirems to the total body; and
(b) Design objectives based upon a higher quantity of radioactive material above
background to be released to the atmosphere than the quantity specified in paragraph
B.1 will be deemed to meet the requirements for keeping levels of radioactive material
in gaseous effluents as low as is reasonably achievable if the applicant provides
reasonable assurance that the proposed higher quantity will not result in an estimated
annual external dose from gaseous effluents to any individual in unrestricted areas in
excess of 5 millirems to the total body or 15 millirems to the skin.
C. The calculated annual total quantity of all radioactive iodine and radioactive
material in particulate form above background to be released from each light-watercooled nuclear power reactor in effluents to the atmosphere will not result in an
estimated annual dose or dose commitment from such radioactive iodine and
radioactive material in particulate form for any individual in an unrestricted area from all
pathways of exposure in excess of 15 millirems to any organ.
D. In addition to the provisions of paragraphs A, B, and C above, the applicant shall
include in the radwaste system all items of reasonably demonstrated technology that,
when added to the system sequentially and in order of diminishing cost-benefit return,
can for a favorable cost-benefit ratio effect reductions in dose to the population
reasonably expected to be within 50 miles of the reactor. As an interim measure and
until establishment and adoption of better values (or other appropriate criteria), the
values $1000 per total body man-rem and $1000 per man-thyroid-rem (or such lesser
values as may be demonstrated to be suitable in a particular case) shall be used in this
cost-benefit analysis. The requirements of this paragraph D need not be complied with
by persons who have filed applications for construction permits which were docketed on
or after January 2, 1971, and prior to June 4, 1976, if the radwaste systems and
equipment described in the preliminary or final safety analysis report and amendments
thereto satisfy the Guides on Design Objectives for Light-Water-Cooled Nuclear Power
Reactors proposed in the Concluding Statement of Position of the Regulatory Staff in
Docket-RM-50-2 dated February 20, 1974, pp. 25-30, reproduced in the annex to this
appendix I.
SECTION III. Implementation. A.1. Conformity with the guides on design objectives of
Section II shall be demonstrated by calculational procedures based upon models and
data such that the actual exposure of an individual through appropriate pathways is
unlikely to be substantially underestimated, all uncertainties being considered together.
Account shall be taken of the cumulative effect of all sources and pathways within the
plant contributing to the particular type of effluent being considered. For determination
of design objectives in accordance with the guides of Section II, the estimations of
exposure shall be made with respect to such potential land and water usage and food
pathways as could actually exist during the term of plant operation: Provided, That, if
the requirements of paragraph B of Section III are fulfilled, the applicant shall be
deemed to have complied with the requirements of paragraph C of Section II with
respect to radioactive iodine if estimations of exposure are made on the basis of
such food pathways and individual receptors as actually exist at the time the plant is
licensed.

2. The characteristics attributed to a hypothetical receptor for the purpose of
estimating internal dose commitment shall take into account reasonable deviations of
individual habits from the average. The applicant may take account of any real
phenomenon or factors actually affecting the estimate of radiation exposure, including
the characteristics of the plant, modes of discharge of radioactive materials, physical
processes tending to attenuate the quantity of radioactive material to which an individual
would be exposed, and the effects of averaging exposures over times during which
determining factors may fluctuate.
B. If the applicant determines design objectives with respect to radioactive iodine on
the basis of existing conditions and if potential changes in land and water usage and
food pathways could result in exposures in excess of the guideline values of paragraph
C of Section II, the applicant shall provide reasonable assurance that a monitoring
and surveillance program will be performed to determine:
1. The quantities of radioactive iodine actually released to the atmosphere and
deposited relative to those estimated in the determination of design objectives;
2. Whether changes in land and water usage and food pathways which would result
in individual exposures greater than originally estimated have occurred; and
3. The content of radioactive iodine and foods involved in the changes, if and when
they occur.
SECTION IV. Guides on technical specifications for limiting conditions for operation
for light-water-cooled nuclear power reactors licensed under 10 CFR part 50 or part 52
of this chapter. The guides on limiting conditions for operation for light-water-cooled
nuclear power reactors set forth below may be used by an applicant for an operating
license under this part or a design certification or combined license under part 52 of this
chapter, or a licensee who has submitted a certification of permanent cessation of
operations under Sec. 50.82(a)(1) or Sec. 52.110 of this chapter as guidance in
developing technical specifications under Sec. 50.36a(a) to keep levels of radioactive
materials in effluents to unrestricted areas as low as is reasonably achievable.
Section 50.36a(b) provides that licensees shall be guided by certain considerations in
establishing and implementing operating procedures specified in technical specifications
that take into account the need for operating flexibility and at the same time assure that
the licensee will exert his best effort to keep levels of radioactive material in effluents as
low as is reasonably achievable. The guidance set forth below provides additional and
more specific guidance to licensees in this respect.
Through the use of the guides set forth in this section it is expected that the annual
release of radioactive material in effluents from light-water-cooled nuclear power
reactors can generally be maintained within the levels set forth as numerical guides for
design objectives in Section II.
At the same time, the licensee is permitted the flexibility of operations, compatible
with considerations of health and safety, to assure that the public is provided a
dependable source of power even under unusual conditions which may temporarily
result in releases higher than numerical guides for design objectives but still within
levels that assure that the average population exposure is equivalent to small
fractions of doses from natural background radiation. It is expected that in using this
operational flexibility under unusual conditions, the licensee will exert his best efforts to
keep levels of radioactive material in effluents within the numerical guides for design
objectives.
A. If the quantity of radioactive material actually released in effluents to unrestricted
areas from a light-water-cooled nuclear power reactor during any calendar quarter is
such that the resulting radiation exposure, calculated on the same basis as the

respective design objective exposure, would exceed one-half the design objective
annual exposure derived pursuant to Sections II and III, the licensee shall: \2\
--------------------------------------------------------------------------\2\ Section 50.36a(a)(2) requires the licensee to submit certain reports to the
Commission with regard to the quantities of the principal radionuclides released to
unrestricted areas. It also provides that, on the basis of such reports and any additional
information the Commission may obtain from the licensee and others, the Commission
may from time to time require the license to take such action as the Commission deems
appropriate.
--------------------------------------------------------------------------1. Make an investigation to identify the causes for such release rates;
2. Define and initiate a program of corrective action; and
3. Report these actions as specified in Sec. 50.4, within 30 days from the end of the
quarter during which the release occurred.
B. The licensee shall establish an appropriate surveillance and monitoring program
to:
1. Provide data on quantities of radioactive material released in liquid and gaseous
effluents to assure that the provisions of paragraph A of this section are met;
2. Provide data on measurable levels of radiation and radioactive materials in the
environment to evaluate the relationship between quantities of radioactive material
released in effluents and resultant radiation doses to individuals from principal pathways
of exposure; and
3. Identify changes in the use of unrestricted areas (e.g., for agricultural purposes) to
permit modifications in monitoring programs for evaluating doses to individuals from
principal pathways of exposure.
C. If the data developed in the surveillance and monitoring program described in
paragraph B of Section III or from other monitoring programs show that the relationship
between the quantities of radioactive material released in liquid and gaseous effluents
and the dose to individuals in unrestricted areas is significantly different from that
assumed in the calculations used to determine design objectives pursuant to Sections II
and III, the Commission may modify the quantities in the technical specifications
defining the limiting conditions in a license to operate a light-water-cooled nuclear power
reactor or a license whose holder has submitted a certification of permanent cessation
of operations under Sec. 50.82(a)(1).
SECTION V. Effective dates. A. The guides for limiting conditions for operation set
forth in this appendix shall be applicable in any case in which an application was filed on
or after January 2, 1971, for a construction permit for a light-water-cooled nuclear power
reactor under this part, or a design certification, a combined license, or a manufacturing
license for a light-water-cooled nuclear power reactor under part 52 of this chapter.
B. For each light-water-cooled nuclear power reactor constructed pursuant to a
permit for which application was filed prior to January 2, 1971, the holder of the permit
or a license, authorizing operation of the reactor shall, within a period of twelve months
from June 4, 1975, file with the Commission:
1. Such information as is necessary to evaluate the means employed for keeping
levels of radioactivity in effluents to unrestricted areas as low as is reasonably
achievable, including all such information as is required by Sec. 50.34a (b) and (c) not
already contained in his application; and
2. Plans and proposed technical specifications developed for the purpose of keeping
releases of radioactive materials to unrestricted areas during normal reactor operations,
including expected operational occurrences, as low as is reasonably achievable.

Concluding Statement of Position of the Regulatory Staff (Docket-RM-50-2) guides on
design objectives for light-water-cooled nuclear power reactors
A. For radioactive material above background \1\ in liquid effluents to be released to
unrestricted areas:
--------------------------------------------------------------------------\1\ ``Background,'' means the quantity of radioactive material in the effluent from lightwater-cooled nuclear power reactors at a site that did not originate in the reactors.
--------------------------------------------------------------------------1. The calculated annual total quantity of all radioactive material from all light-watercooled nuclear power reactors at a site should not result in an annual dose or dose
commitment to the total body or to any organ of an individual in an unrestricted area
from all pathways of exposure in excess of 5 millirems; and
2. The calculated annual total quantity of radioactive material, except tritium and
dissolved gases, should not exceed 5 curies for each light-water-cooled reactor at a
site.
3. Notwithstanding the guidance in paragraph A.2, for a particular site, if an applicant
for a permit to construct a light-water-cooled nuclear power reactor has proposed
baseline in-plant control measures \2\ to reduce the possible sources of radioactive
material in liquid effluent releases and the calculated quantity exceeds the quantity set
forth in paragraph A.2, the requirements for design objectives for radioactive material in
liquid effluents may be deemed to have been met provided:
--------------------------------------------------------------------------\2\ Such measures may include treatment of clear liquid waste streams (normally
tritiated, nonaerated, low conductivity equipment drains and pump seal leakoff), dirty
liquid waste streams (normally nontritiated, aerated, high conductivity building sumps,
floor and sample station drains), steam generator blowdown streams, chemical waste
streams, low purity and high purity liquid streams (resin regenerate and laboratory
wastes), as appropriate for the type of reactor.
--------------------------------------------------------------------------a. The applicant submits, as specified in Sec. 50.4, an evaluation of the potential for
effects from long-term buildup on the environment in the vicinity of the site of radioactive
material, with a radioactive half-life greater than one year, to be released; and
b. The provisions of paragraph A.1 are met.
B. For radioactive material above background in gaseous effluents the annual total
quantity of radioactive material to be released to the atmosphere by all light-watercooled nuclear power reactors at a site:
1. The calculated annual air dose due to gamma radiation at any location near
ground level which could be occupied by individuals at or beyond the boundary of the
site should not exceed 10 millirads; and
2. The calculated annual air dose due to beta radiation at any location near ground
level which could be occupied by individuals at or beyond the boundary of the site
should not exceed 20 millirads.
3. Notwithstanding the guidance in paragraphs B.1 and B.2, for a particular site:
a. The Commission may specify, as guidance on design objectives, a lower quantity
of radioactive material above background in gaseous effluents to be released to the
atmosphere if it appears that the use of the design objectives described in paragraphs
B.1 and B.2 is likely to result in an annual dose to an individual in an unrestricted area in
excess of 5 millirems to the total body or 15 millirems to the skin; or

b. Design objectives based on a higher quantity of radioactive material above
background in gaseous effluents to be released to the atmosphere than the quantity
specified in paragraphs B.1 and B.2 may be deemed to meet the requirements for
keeping levels of radioactive material in gaseous effluents as low as practicable if the
applicant provides reasonable assurance that the proposed higher quantity will not
result in annual doses to an individual in an unrestricted area in excess of 5 millirems to
the total body or 15 millirems to the skin.
C. For radioactive iodine and radioactive material in particulate form above
background released to the atmosphere:
1. The calculated annual total quantity of all radioactive iodine and radioactive
material in particulate form from all light-water-cooled nuclear power reactors at a site
should not result in an annual dose or dose commitment to any organ of an individual in
an unrestricted area from all pathways of exposure in excess of 15 millirems. In
determining the dose or dose commitment the portion thereof due to intake of
radioactive material via the food pathways may be evaluated at the locations where the
food pathways actually exist; and
2. The calculated annual total quantity of iodine-131 in gaseous effluents should not
exceed 1 curie for each light-water-cooled nuclear power reactor at a site.
3. Notwithstanding the guidance in paragraphs C.1 and C.2 for a particular site, if an
applicant for a permit to construct a light-water-cooled nuclear power reactor has
proposed baseline in-plant control measures \3\ to reduce the possible sources of
radioactive iodine releases, and the calculated annual quantities taking into account
such control measures exceed the design objective quantities set forth in paragraphs
C.1 and C.2, the requirements for design objectives for radioactive iodine and
radioactive material in particulate form in gaseous effluents may be deemed to have
been met provided the calculated annual total quantity of all radioactive iodine and
radioactive material in particulate form that may be released in gaseous effluents does
not exceed four times the quantity calculated pursuant to paragraph C.1.
--------------------------------------------------------------------------\3\ Such in-plant control measures may include treatment of steam generator
blowdown tank exhaust, clean steam supplies for turbine gland seals, condenser
vacuum systems, containment purging exhaust and ventilation exhaust systems and
special design features to reduce contaminated steam and liquid leakage from valves
and other sources such as sumps and tanks, as appropriate for the type of reactor.
[40 FR 19442, May 5, 1975, as amended at 40 FR 40818, Sept. 4, 1975; 40
FR 58847, Dec. 19, 1975; 41 FR 16447, Apr. 19, 1976; 42 FR 20139, Apr.
18, 1977; 51 FR 40311, Nov. 6, 1986; 61 FR 39303, July 29, 1996; 72 FR
49507, Aug. 28, 2007]
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