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Chadwick Dearing Oliver

Pinchot Professor of Forestry and Environmental Studies, and
Director, Global Institute of Sustainable Forestry,

School of Forestry and Environmental Studies

Yale University

223 Kroon Hall, 195 Prospect Street

New Haven, Connecticut 06511

Dear Dr. Oliver:

Thank you for the opportunity to review and comment on your draft report. Attached
please find detailed comments from me and members of my staff. Note that these comments
reflect our opinions only and not necessarily those of our Agency.

As part of our review, we obtained and carefully read through all of your supporting
references, as well as several other relevant peer-reviewed papers regarding wildfires in the
Chernobyl Exclusion Zone (CEZ). In addition, we constructed spreadsheets containing the
equations and parameter values you specify in your report and in IAEA SRS 19, and used these
to check your calculations. Finally, we used the health physics computer code HotSpot (Version
2.07.1) (https://narac.linl.gov/HotSpot/HotSpot.html) to cross check Gaussian plume projections,
estimated airborne and ground surface activity concentrations, and predicted pathway-specific

and total doses.

Overall, we believe that your screening level calculations based on the IAEA models and
parameter values result in plausible first-order approximations of the potential upper-bound
doses and risks to children (1 y) and adults at distances 25-150 km downwind from a
catastrophic wildfire in the CEZ that releases large quantities of radionuclides from burning
contaminated grasslands and forests. During our review of your analyses, we did, however,
discover a number of calculation errors and missing exposure pathways that may result in
underestimated doses and risks. We point these out in our detailed comments and suggest
alternative values and approaches. Moreover, it is important to acknowledge that the neither the
IAEA nor the HotSpot models are designed to estimate radiological impacts at distances greater
than ~20 km, and that the TAEA models assume continuous discharges of radionuclides into the
environment over several years, not episodic releases such as those caused by wildfires. While it
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is likely that these limitations in both models will result in overestimates of doses and risks for
short-term events impacting individuals at far distances downwind, we recommend that you
discuss and possibly validate whether or not the IAEA models and parameter values are
appropriate for your scenario.

Our primary recommendations are summarized as follows:

Include scale maps showing the locations and areal extent of: (1) the source
term/release point; (2) surface contamination contours for all radionuclides of
concern; (3) contaminated grasslands and forests; (4) concentric rings centered on
the source term at distances of 25, 30, 50, 75, 100, and 125 km; (5) projected
plume deposition contours; and (6) potentially impacted population centers, crop
lands, and surface water bodies. (See Graphics A and B for examples).

Recalculate all estimated doses and risks at distances of 25, 30, 50, 75, 100, and
125 km in order to: (1) account for revised combustible inventories based on
corrected concentration factors; (2) include a resuspension/inhalation exposure
pathway; (3) include a surface water exposure pathway; (4) account for direct
deposition in the computation of food ingestion doses; and (5) correct for revised
dose conversion factors.

If possible, find an actual wildfire event involving contaminated grasslands and
forests in or surrounding the CEZ and evaluate its radiological impact on exposed
populations in order to gauge the degree of conservatism inherent in your
screening level assessments. We found one example mentioned in Hao et al.
(2009) (http://www.fs.fed.us/rm/pubs_other/rmrs 2009 _hao_w001.pdf). (See
Graphic C). Unfortunately, this paper does not include details on the nature and
impact of the wildfire event that occurred in western Ukraine on May 8, 2003, but
we encourage you to seek these details, along with any radiological measurements
and dose estimates made during the event, especially in Kiev.

We hope you find our comments and recommendations helpful.

Sincerely,

/

Jerome S. Puskin, PhD
Director, Center for Science and Technology
Radiation Protection Division




Comments on “Wildfire in the Chernobyl Exclusion Zone: A Worse Case Scenario” by A. Hohl and A. Niccolai, December 11, 2010
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Page(s)

Line(s)

Comment

All

All

The following comments refer to the entire document:

Check to ensure that all equations and tables referenced in the text are numbered and cited properly.

Search for and replace all instances of the following terms:

Replace this With this
e radioisotopes e radionuclides
e isotopes e nuclides
e dosage e dose
e infant e child(1y)
e *%SrorsSr-90 o 25r/*% or Sr-90/Y-90
e “(Csor(Cs-137 e Cs/®"™Baor Cs-137/Ba-137m

There are several occurrences where the term dose is used incorrectly. Strictly speaking, the results of the
inhalation and ingestion exposure assessments should be presented as committed effective doses, because they
are calculated using the age- and radionuclide-specific inhalation and ingestion committed effective dose
coefficients listed in Table 2. Committed effective dose refers to an effective (summed ICRP tissue-weighted)
total body dose committed over a 50-y period after intake by adults and to age 70y after intake by a pre-adult
age. For external exposures via cloud immersion and groundshine, the results should be presented as effective
doses. Both committed effective doses and effective doses are expressed using the Sl unit Sievert (Sv) (or
multiples thereof). The doses are additive, and the sum is simply the dose in Sv.

Inhalation and ingestion dose coefficients listed under “Infant” in Table 2 actually correspond to IAEA/ICRP values
for a 1-y old child. For this reason, all references to infant doses should be changed to child (1 y) doses

All doses should be expressed in units of Sv, not Sv/a, because exposures times are included explicitly in the
calculations and cancel out. As you know, these are first year doses comprising: (1) the committed effective dose
from inhaled radionuclides during 5-day plume passage, (2) the effective dose due to cloud immersion during
plume passage, (3) the effective dose from groundshine over the first year, and (4) the committed effective doses
from ingestion of contaminated food (vegetation, meat, and milk) over the first year. The sum of the pathway-
specific doses should be referred to as the total dose in Sv.

4

47-49

Rewrite the sentence starting on line 47 to read: “The exposure model was used to estimate adult and child (1 y) intakes,

—_——— e - ———,,—_—e—e—————————————,——e,e————————————
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Comments on “Wildfire in the Chernobyl Exclusion Zone: A Worse Case Scenario” by A. Hohl and A. Niccolai, December 11, 2010
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Line(s)

Comment

“radioactivity”.

86-88

Rewrite the sentence starting on line 86 to read: “Individuals who are not in the direct centerline of the projected plume
of radioactivity or who are impacted by fewer exposure pathways will likely receive lower doses.”

88-89

Change “the average annual dose” to “the total dose”. Note: The total dose in the first year will be higher than doses in
subsequent years partly because it includes contributions to dose from the immersion and inhalation pathways during
plume passage. That said, in the U.S., we calculate the doses in the second year, third year, and the 50-yr interval after
the event to compare with protective action guidelines regarding relocation and cleanup. While it is not incorrect to
consider only the first year dose for emergency response purposes, it is our opinion that risk estimates should be based
lifetime exposures.

91-93

Line 91, change “primarily” to “exclusively”. No other reference was used for the screening calculations. This would be a
good place to explain why the equations and assumption in IAEA SRS 19 may not be appropriate for modeling the impacts
from a wildfire in the CEZ. As stated in several locations in the IAEA report: “The approaches described here [IAEA SRS
19] are not intended for application to instantaneous or short period releases such as might occur in uncontrolled or
accident situations. “ The report also states: “It should also be noted that the Gaussian plume model is not generally
applicable at [distances] x > 20 km.”

95-96

Delete “reporting risk for cases that involve maximum exposure potential.” The IAEA generic screening models are used
to estimate doses, not risks.

99

As pointed out in an earlier comment, we recommend including a fifth exposure pathway to account for resuspension
and inhalation of deposited radionuclides in the first year after the event. This is a significant and typically-assessed
pathway. In our opinion, its omission is a significant oversight that will result in an underestimation of total dose and risk.

Footnote2

Correct typographical error

104-106

Change “conservative” to “conventional”, and delete the remainder of the sentence after “but”. Summing dose
contributions from individual exposure pathways is the typical or conventional approach for radiation dose assessments.
Better language is provided in the IAEA report, as follows: “The recommended approach to account for exposures from
multiple pathways is by simple summation over those pathways. In reality, it is unlikely that a member of the ‘true’
critical group would be in the most exposed group for all exposure pathways. However, the significance of this potential
compounding of pessimistic assumptions is somewhat lessened by the fact that the total dose is seldom dominated by
more than a few radionuclides and exposure pathways.”

119-152

The following comments refer to the Source Model section and Table 1

1. Provide a scale map(s) showing:
a. the location and size of the source term/release point;
b. soil activity concentration contours for Cs-137/Ba-137m, Sr-90/Y-90, Eu-154, Pu-238, Pu-239/240, and
Am-241;

ﬁ
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Comments on “Wildfire in the Chernobyl Exclusion Zone: A Worse Case Scenario” by A. Hohl and A. Niccolai, December 11, 2010

Page(s)

Line(s)

Comment

Yoshenko et al. (2006a).

(Line 164 and Footnote #3) The scenario assumes a point source located at the center of the CEZ. It might be
useful to explore alternate assumptions as to the location and extent of the source to better understand the
degree of conservatism in your calculations.

(Line 165) What was the basis for selecting a wind speed of 2m/s and a predominate wind direction frequency of
90%? Why not 5 m/s and 100%, for example?

(Equation 3, line 168) In order to compute C,, please include the IAEA SRS 19 equations for calculating values for
F (IAEA equation #3) and sigma z (in footnote a to Eq. #3).

(Footnote #6) Using the IAEA formulas for F and sigma z, calculations of C, of the release heights of 0-60 m, we
computed result identical air concentrations (to those that assumed a release height of 0 m) at distances equal to
or greater than 25 km downwind. For this reason, the statement that a release height of 0 m is conservative is
not true.

(Footnote #8) For comparison, default deposition velocity values used in the HotSpot computer code
(https://narac.linl.gov/HotSpot/Hotspot.html) are 260 m/d (0.3 cm/s) for respirable size particles (= or < 10
microns) and 6900 m/d (8 cm/s) for non-respirable size particles (> 10 microns). The IAEA default deposition
velocity value of 1000 m/s falls in between the Hotspot values and is not overly conservative.

8.

(Lines 197-204) Based on our literature search, the Kiev Reservoir is a current source of municipal drinking water
for several million people, as well as a source for crop irrigation (see, for example, Sansone et al. (1996), Sci. Tot.
Env., 186: 257-271). Based on our HotSpot modeling, we found that the projected plume intersects several
surface water bodies, including the lower part of the Kiev Reservoir (see Graphic B). For this reason, we
recommend that you calculate the doses and risks contributed by the surface/drinking water pathway before you
dismiss it as being insignificant.

9.

Provide a scale map showing the projected plume soil activity deposition contours for the radionuclide of
concerns and the locations of crop lands, towns, and cities intersected by the plume.

12-17

205-307

The following comments refer to the Exposure Model section

1.

(Line 217) Change the sentence to read: “The ICRP inhalation dose coefficients assume a 50-y dose commitment
for adults and 70-y dose commitment for infants/children.”

(Line 221) Change “effective dose” to “committed effective dose”

(Line 223) Renumber equation [9] as equation [6]

(Line 225) Change “periodic effective dose” to “committed effective dose” and change (Sv/a)” to “(Sv)”. Note:
Because the wildfire scenario specifies an exposure time of 5 hours which corresponds to the plume passage, the
inhalation pathway dose is calculated as a committed effective dose in SV, not an annual dose rate in Sv/a.

(Line 227) Change “inhalation rate” to “inhalation volume” and change “(m>/a)” to “(m?)”.

Submitted by Jerome Puskin, PhD Page 5
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Comments on “Wildfire in the Chernobyl Exclusion Zone: A Worse Case Scenario” by A. Hohl and A. Niccolai, December 11, 2010

Page(s)

Line(s)

Comment

pathway in radiological exposure assessments, and preliminary calculations we performed using HotSpot
indicated that the first-year resuspension/inhalation doses were comparable to the inhalation doses computed
for the 5 days during plume passage. Add an Equation 10 for resuspension/inhalation.

24. (Line 304) Change “Equations [4, 5, 6, and 9]” to “Equations [6, 7, 8, 9, and 10, for resuspension/inhalation)]”

25. (Line 305) Add a term for resuspension/inhalation and number it Equation [10]

26. (Line 307) Renumber equation [11] as equation [12]

17

308-324

The following comments refer to the Cancer Incidence and Mortality Model section

1.

(Line 309) After “exposure”, add “to the radionuclides of concern released during the wildfire”

2.

(Line 318) Renumber equation [11] as equation [12]

3.

(Line 324) Change “D is the expected dose” to “D is the estimated total dose from all exposure pathways”

18-19

325-360

The following comments refer to the Results section

1.

All results reported in this section and in relevant Tables should be checked and revised, as necessary, after
recalculation of all estimates according to our previous recommendations.

2.

(Line 327) Change “release radioactive materials into the population living in the vicinity of the CEZ” to “release
airborne radioactive materials that may adversely impact the health of people living downwind of the
contaminated smoke plume”

(Line 328) Change “estimated quantities of radioactive materials” to “estimated inventories (in Bq) of Sr-90/Y-90,
Cs-137/Ba-137m, Eu-154, Pu-238, Pu-239/240, and Am-241"

(Lines 329-330) Change “The total amount of radioactive material that could be mobilized to an ionized state...”
to “The total amount of radioactivity released into the environment...”

(Line 331) Check/revise the value 2.1E14 Bq after recalculation per our recommendations.

(Line 333) Change “discharge of ionized radioactive material” to “release of radioactivity”, and check/revise the
value 2.1E14 Bq/s after recalculation per our recommendations.

(Lines 334-336) Rewrite the sentence to read: “Table 4 presents the estimated activity concentrations of Sr-
90/Y-90, Cs-137/Ba-137m, Eu-154, Pu-238, Pu-239/240, and Am-241 in air, on ground surfaces, and incorporated
into vegetation, meat, and milk at 25, 30, 50, 75, 100, and 125 km downwind of the release point.” As noted
previously, we recommend calculating activity concentrations, doses, and risks at distances of 25, 30, 50, 75, 100,
and 125 km.

(Lines 336-338) Rewrite the sentence to read: “As shown in Table 4, and as expected based on the Gaussian
plume model, the estimated activity concentrations of all radionuclides at the plume centerline decrease
proportionally with increasing downwind distances.”

(Lines 338-341) Rewrite the sentence to read: “Table 7 presents estimates of the radionuclide-specific activity
concentrations in contaminated crops as a function of downwind distance. It shows that, for all radionuclides at
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Comments on “Wildfire in the Chernobyl Exclusion Zone: A Worse Case Scenario” by A. Hohl and A. Niccolai, December 11, 2010

Page(s)

Line(s)

Comment

public” to “both exceed the ICRP public dose limit.”

11. (Lines 392-433) All dose and risk estimates (and comparisons to limits) may be subject to revision following
recalculations.

23

434-444

The following comments refer to the Conclusion section:

1. (Line 437) Recalculate the total estimate for Combustible in 2010 presented in Table 1. We found errors in the
calculations of the Sr-90 and Cs-137 estimates and in the combustible/soil ratios for all radionuclides (as pointed
out in our earlier comments) -

2. (Lines 438-439) Starting at “ground exposure”, change the sentence to read, “groundshine,
resuspension/inhalation, and food ingestion in the first year following the wildfire.”

3. (Lines 439-441) Rewrite the sentence to read: “The estimated total doses to a child (1 y) and adult from all
exposure pathways, except food ingestion, 25 km or greater downwind from the wildfire, were below the
evacuation limits established by the Ukrainian government.” Note that this conclusion may need to be revised
after recalculation of the dose and risk estimates.

4. (Lines 441-442) Rewrite the sentence to read: “Since the estimated total ingestion doses to a child (1 y) and adult
were found to exceed acceptable levels, it is likely that the Ukrainian government would restrict intakes of
contaminated vegetation, meat, and milk indefinitely.”

5. (Lines 442-444) Rewrite the sentence to read: “Although uncalculated, it is likely that doses to people living and
working in the CEZ would likely exceed acceptable levels.”

24

453-460

The following comments refer to Table 1:

1. The values listed in column #1 are taken from Kashparov et al. (2003) correctly.

The values listed in column #2 are decay corrected correctly.

2.

3. The values listed in column #3 for Sr-90/Y-90 and Cs-137/Ba-137m are calculated incorrectly.

4. To correct these errors and to use the revised concentration factors we provided earlier (page 4), we recommend
that you recalculate the combustible inventories for all radionuclides and revise Table 1 accordingly.

25

461-463

The following comments refer to Table 2:

1. Allvalues are taken from the IAEA SRS 19 Tables XV-XVII correctly

2. However, the inhalation and ingestion dose coefficients should be expressed in units of Sv/Bq

3. We also checked the values in Table 2 against current ICRP references and found a few instances where the IAEA
dose coefficients were inconsistent. For example, the IAEA adult and child (1 y) inhalation and ingestion DCFs for
Sr-90 do not appear to include the contribution from the Y-90 daughter. Immersion DCFs for Sr-90/Y-90, Pu-238,
Pu-239/240, and Am-241 do not correspond to the comparable ICRP values. Finally, we noted that the adult and
inhalation DCFs for Sr-90 are the maximum dose per unit intake values (Type S), whereas the corresponding DCFs
for Cs-137/Ba-137m (Type F) is the lowest dose per unit intake coefficient. For these reasons, we compiled the

Submitted by Jerome Puskin, PhD Page 9
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Comments on “Wildfire in the Chernobyl Exclusion Zone: A Worse Case Scenario” by A. Hohl and A. Niccolai, December 11, 2010

Page(s)

Line(s)

Comment

(i.e., Combustible in 2010 inventories), as recommended in our previous comments.

31-32

482-483

Table 8: Pathway-specific and total doses should be recalculated for all radionuclides using the revised source terms (i.e.,
Combustible in 2010 inventories), revised air and ground concentration values, and revised dose conversion factors, as
recommended in our previous comments. In addition, the table should include a column showing the
resuspension/inhalation exposure pathway and the food ingestion values should include the contributed doses from
contaminated vegetation, meat and milk due to direct deposition. All doses should be expressed as Sv, not Sv/a, and all
values may be subject to revision following recalculation.

33

484-485

Table 9: Lifetime attributable cancer risk estimates should be recalculated for all radionuclides using revised dose
estimates based on the revised source terms (i.e., Combustible in 2010 inventories), revised air and ground concentration
values, and revised dose conversion factors, as recommended in our previous comments.

END
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