
March 26, 2025 

U.S. Nuclear Regulatory Commission 
Attn: Document Control Desk 
Washington, DC 20555-0001 

RESPONSE TO THE APPARENT VIOLATIONS IN INSPECTION REPORT NO. 030-
04783/2024001(DRSS); EA-24-122/EA-R3-2024-0043 

This correspondence is the written response to the apparent violations noted in Inspection 
Report No. 030-04783/2024001(DRSS); EA-24-122/EA-R3-2024-0043 for The Dow Chemical 
Company (Dow), NRC license #21-00265-06. 

Response to Apparent Violations 

Executive Summary Finding 2-Section 6.2 Failure to notify the NRC within 24 hours of an 
incident that required a laboratory to be restricted for greater than 24 hours 

Dow acknowledges that this notification was not made in a timely manner. Dow personnel 
were actively cleaning up the area involved and planned to have decontamination 
completed within 24 hours following the incident and before the notification period had 
expired. However, the decontamination took longer than expected. By the time that it 
became apparent that this was not going to be possible, approximately 23.5 hours after the 
incident, Dow decided to make the required notification but unfortunately it took additional 
time to collect all the necessary information so a detailed and comprehensive notification 
could be made. This resulted in the 24 hour notification being completed approximately 2 
hours late, which did not meet the requirements of 10 CFR 30.50(b)(1 ). 

Dow is committed to ensuring that any incidents that require reporting to the NRC are 
reported in a timely fashion and in an accurate and comprehensive manner. Corrective 
actions taken to ensure this can be found in the Corrective Actions section below. 

Executive Summary Finding 3-Section 4.3: The inspectors identified one apparent 
violation of NRC requirements for the licensee's failure to take suitable and timely 
measurements of quantities of radionuclides excreted from the body for purposes of 
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assessing dose used to determine compliance with occupational dose equivalent limits as 
required under 10 CFR 20.1204(a). 
Dow disagrees with this finding. Dow did collect a bioassay sample following the incident 
that was used to calculate the worker 's exposure from the incident. The worker dose 
calculations performed from these measurements accounted for the time at which the 
sample was collected following the incident and were sufficient to meet the requirements 
in 1 O CFR 20.1204(a) to assess the worker's exposure from the incident and demonstrate 
compliance with occupational dose limits. 

Specifically, 10 CFR 20.1204(a) states that suitable measurements must be taken of (1) 
Concentrations of radioactive materials in air in work areas; or (2) Quantities of radioactive 
materials in the body; or (3) Quantities of radionuclides excreted from the body. 
Importantly, the regulation gives the licensee flexibility to use any of these methods to 
assess dose to the exposed work. As indicated in the NRC's inspection report, a 
measurement of the quantity of radionuclides excreted from the body was collected from 
the worker following the incident based on Dow's NRC-approved written procedures, 
consistent with 1 O CFR 20.1204(a)(3). These measurements were used to assess the 
worker's dose and showed that the worker did not exceed any occupational dose limits. In 
fact, the result showed an occupational dose (2.2 mrem) that was only a very small fraction 
of the occupational dose limit of 5000 mrem/yr. Additionally, this calculation showed that 

the intake of radioactive material was only 0.88 µCi, which is well below 200 µCi, the likely 
occupational intake of C-14 that would require monitoring to be conducted under 1 O CFR 
20.1502(b)(1 ). Furthermore, per the NRC inspection report, the NRC has reviewed these 
calculations and does not dispute their validity. Therefore, by following its NRC-approved 
procedure, Dow ensured that adequate measurements were performed after the incident 
and met the requirements of 1 O CFR 20.1204(a). 

Dow acknowledges that a better estimate of exposure could be generated if the bioassay 
was implemented immediately after the exposure and all urine excreted by the worker for 
the 24-hour period following the exposure was collected and analyzed. Dow will commit to 
performing bioassays in this manner in the future. Details of corrective actions taken can 
be found in the Corrective Action section of this response. 

Finding 2-Section 6.2 Failure to immediately notify the NRC 

The NRC has found that Dow was in violation of 1 O CFR 20.2202(a)(2) because they allege 
that had an individual been present for 24 hours in the laboratory following the spill of the 
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material, the individual could have received an intake of greater than five times the annual 
limit on intake (ALI ; 10 mCi for C-14). Dow disputes that this incident had this potential. 

In the calculation found in Attachment 1, Dow has modeled the air concentration in the lab 
for the 24-hour period following the spill. This calculation shows that the worker would 
have inhaled only 0.0086 mCi of the spilled compound if present during those 24 hours, 
which is orders of magnitude lower than the intake that would make this immediately 
reportable under 1 O CFR 20.2202(a)(2). Therefore, Dow believes that there is no violation 
for failing to reportthe incident based on the reporting requirements in 1 O CFR 
20.2202(a)(2). 

Corrective Actions 

The cause of the incident itself has been determined to be human error, with several additional 
contributing causes. Several proposed corrective actions were included in letters to the NRC 
dated April 26, 2024, June 10, 2024, and August 1, 2024, [ADAMS Ascension Number 
ML24124A141 (nonpublic), ML24204A214, and ML24227A995 respect ively]. The following 
corrective actions from these letters have been completed. 

• An ice machine was made available for use when laboratory cooling is needed in the 
event of sample volatilization . This will prevent the need to transport samples out of a 
fume hood to a freezer for cooling. 

• The TERC (Toxicology Environmental Research and Consulting) Laboratory Approval was 
modified to include a requirement for all level users for supervision by a level 2 or level 3 
authorized user during active handling of radioactive material involving a quantity of 
material greater than five times the lowest annual limit on intake. 

• In addition to the above requirement, use of radioactive material in excess of this 
quantity will require a pre-use discussion with a level 2 or level 3 authorized user 
following the Dow EHS Pre-Task Hazard Analysis (PTA) process or similar. Cooling 
requirements will be covered in these discussions if applicable. 
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■ The Ordering Unsealed Sources of Radioactive Materials procedure was updated with 
verbiage indicating a preference for vendor purchased materials to be packaged in 
individual containers with the lowest quantity of radioactive material based on intended 
use. 

An additional corrective action being considered was stated in the letter to the NRC dated April 
26, 2024. 

■ an internal discussion will take place on potential relocation and consolidation of higher 
C-14 activity level stock inventory materials to a single lab that already has badge reader 
only restricted access. 

The Radiation Safety Committee discussed this option in the 2024 Q2 Radiation Safety 
Committee meeting. It was decided that this action does not address the direct or 
contributing causes of the incident and would not necessarily reduce the potential for a 
repeat event. Rather than moving the location of high activity samples, other corrective 
actions would be more constructive and effective. 

The causes of the three apparent violations are in reference to the emergency response 
following the incident. The following corrective actions have been or will be taken as a direct 

response to the apparent violations. 

• Within 90 days of the date of this letter, the Loose Isotope Emergency Response 
Procedure will be updated to include guidance on reporting events to the NRC. This will 
include information to determine whether the incident meets NRC reportability 
requirements in 10 CFR part 20.2202 and 10 CFR part 30.50 to ensure that they are 
evaluated as part of the spill response operations. 

■ Within 90 days of updating the procedure, health physics personnel and any 
other personnel involved in making NRC reportability determinations will be 
trained on the procedure. New health physics personnel and any other new 
personnel involved in making NRC reportability determinations will also be 
trained on the procedure. This procedure update and training will be completed 

by June 24, 2025. 
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■ The Bioassay Program for Radioisotopes and Loose Isotope Emergency Response 
Procedure have both been updated to provide clarity regarding suitable and timely 
bioassays. Specifically, verbiage was included for clarification that for a 24-hour urine 
bioassay, all urine that is excreted in the 24-hour period following the accidental intake 
(or planned work in quantities exceeding bioassay procedural requirements) needs to be 
collected to ensure that the most accurate estimate of exposure can be generated. 

• Within 90 days of the date of this letter, a take home bioassay kit including 
suitable containers and instructions for employees will be assembled. One kit will 
be kept in 1803 building (location of licensed work) and one kit will be given to 
Occupational Health (OH) department and included with radioactive response 
materials. Training will be provided to OH personnel on presence and purpose of 
take-home bioassay kit and instructions for use. 

In addition to the corrective actions either planned as described or previously implemented 
that relate directly to the incident and response, the following actions have been or will be 
taken as a measure to increase learning and knowledge around response to a radioactive 
contamination event. 

• Annual Radiation Safety Refresher Training (90 minutes) was conducted in December 
2024 with all loose isotope users. The primary focus of the training was spills and loss of 
containment events. This training included an extensive review of the contamination 
incident and response, including discussion on things that were done well and 
opportunities for improvement. Topics included conducting and recording surveys for 
contamination events, estimation of extent of contamination, bioassay requirements, 
decontamination and treatment of contaminated persons, lab equipment and facilities, 
relevant internal procedures, and relevant NRC regulations, guidance, and reporting 
requirements. 

■ This training also included a hands-on simulated spill emergency response 
exercise. A fluorescent powder was used to simulate radioactive contamination 
of lab personnel and facilities following a hypothetical dropped container 
incident. Radiation workers responded following emergency response 
procedures, and the workspace and personnel were evaluated upon completion 
of "decontamination" with a black light to determine the success of the 
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decontamination efforts. Opportunities for Improvement were shared verbally 
across the four training groups. 

• New user Loose Isotope Initial Radiation Safety Training has been updated to 
include an incident overview as a learning experience for any future new adiation 
workers. 

• The incident and response were reviewed and discussed at annual OH and Emergency 
Services and Security (ES&S) Annual Radiation Safety Refresher Training (December 2024 
and March 2025, respectively). 

• The Personnel and Area Survey Procedures Using a Geiger-Mueller (GM) Survey Meter 
procedure was updated to include a form to document results of personnel surveys 
completed during a contamination event. 

• The 2025 Annual Loose Isotope Radiation Safety Refresher Training (planned for Q4 
2025) will include a review case study and lessons learned for the incident detailed in 
NRC REACTIVE INSPECTION REPORT NO. 03000001/2019003(DRSS}-CURIUM US LLC; 
EA-21-055. While this incident took place at a non-Dow licensed facility, it contains 
valuable leverageable learnings on the importance of adherence to procedures and 
regulations following a contamination event. 

• A joint emergency response drill to a radioactive contamination event will be conducted 
in CY2025 with TERC, ES&S, and OH personnel participation. The results of this drill will 
be shared with the Radiation Safety Committee 
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If you have any questions regarding the contents of this letter, please contact Kelly Wegener­

Gave at kelly.wegner@dow.com 

Best regards, 

ndre Argenton, PhD 
Chief Sustainability Officer 
The Dow Chemical Company 
Midland, Ml 48674 

Meghan Watt 
Senior Responsible Care Director 
Radiation Safety Committee Chair 
The Dow Chemical Company 
Midland, Ml 48674 

/f:f!t.,~ -Ci~ 
Radiation Safety Officer 
The Dow Chemical Company 
Midland, Ml 48674 
989.402.7102 
kelly.wegener@dow.com 



Attachment 1 

Assessment of Dow March 2024 Spill Incident Against Reporting Requirements of 10 CFR 

20.2202(a)(2) 

Regulatory text: Immediate reporting is required when "The release of radioactive material, 

inside or outside of a restricted area, so that, had an individual been present for 24 hours, the 

individual could have received an intake five times the annual limit on intake" 

NRC Interpretation: The spill involved 20.3 mCi of material. The ALI for C-14 Compounds by 

inhalation is 2 mCi. Therefore, if the individual could have been exposed to greater than 10 mCi 

of C-14 by inhalation, the reporting requirement of 10 CFR 20.2202(a)(2) would apply. 

• Note that the ALI for oral ingestion is also 2 mCi. However, Dow assumes it unlikely that 

any significant amount of material would be ingested in this scenario. 

Calculation of worst-case potential intake of C-14 by inhalation following the spill 

Scenario 

After spilling the material, the worker fails to clean up the spill, notify anybody, or leave 

the lab and just stands next to the spilled material for 24 hours as it evaporates into the 

air 

The vapors are vented from the lab using the normal general room ventilation in the lab 

Methodology 

Calculate the evaporation rate of the chemical using a formula for evaporation rate from 

the "Handbook of Chemical Hazard Analysis Procedures", FEMA, U.S. DOT, and U.S. EPA. 

1989) 

Use a box model to calculate the average air concentration in the laboratory for the 24 

hour period following the spill 

Use a standard human breathing rate to calculate the intake of C-14 over that 24 hour 

period 

Inputs 

Characteristics of 1,3-dichloropropene 

o Boiling Point= 107 C 

o Vapor pressure = 23 mmHg @ 20 C 

o Specific Gravity= 1.22 @ 20 C 

o Specific activity= 20.3 mCi / 0.348 ml= 58.3 mCi/mL 



- Ventilation rate of lab= 4 air changes per hour 

Lab 60 dimensions= 17 m x 11 m x 4.5 m 

Human breathing rate= 16 L/min (light activity) (Pleil et al, 2021) 

Calculations 

1. The evaporation rate of a spilled liquid is given by: 

Ev = 4.66 x 10-6U~·15TF P:w 
ah 

Where, 

Ev= Evaporation rate flux (lbs/min/ft2). The total evaporation rate will be given by the 

evaporation rate flux* the area of the pool) 

Uw = Wind speed (miles/hr) (use 0.67 miles per hour for an indoor location) 

Ps = Vapor pressure of chemical (mm Hg) 

Psh = Vapor pressure of hydrazine (mm Hg) 

Mw = Molecular weight of chemical 

T1 = Spill temperature correction factor, which is determined by: 

1 Tp < 0 C 

Tp > 0 C 

Where TP is the pool temperature in C 

Using these formulae and the parameters of the spill, an evaporation rate of 0.0403 

mg/sec is calculated. 

2. The concentration of a chemical in a room with a given generation rate and 

ventilation rate is calculated by the following formulae. The actual calculations are 

conducted using the IHMod 2.0 Software package, developed by the American 

Industrial Hygiene Association (AIHA, 2025). 

G + C Q'" Q+k \' Q..._kL .\" 
C = in 1 - exp - L t + c0 . exp - ---='- • t 

t Q T k . \" \. \" 
L J 

(during evaporation of spill) 

C(t) =Co-exp(- Q ·tJ 
V (following complete evaporation of spill) 



Where, 

Ct = Concentration at time, t, after the spill (mg/m3) 

G = Generation Rate (mg/min) 

Cin = Concentration of contaminant in incoming air (assumed to be 0) 

Q = Room ventilation rate (m3/min) 

k1 = Losses of contaminant other than ventilation (assumed to be 0) 

V = Volume of lab (m3) 

t = time after spill (min) 

Co= Concentration of the contaminant in the air at the time evaporation of spill is complete 

(mg/m3) 

Using these formulae and input parameters, the following plot of air concentration over 

time in the lab is generated: 
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Using the generation rate of 0.0403 mg/sec, the entire spill evaporates in about 3 hours, 

after which the ventilation in the room will continue to reduce the concentration of the 

compound in the air. The peak concentration of the radionuclide in the air will be 0.043 

mg/m3, which will be reached roughly 60 minutes after the spill occurs and remain until 
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the material is fully evaporated at 3 hours after the spill occurred. After this time, the room 

ventilation will continue to operate and reduce the air concentration of the radionuclide in 

the room. At 240 minutes after the spill occurs, the room air concentration will have 

dropped to 0.000759 mg/m3. 

To estimate worker intake, we will use the calculated air concentrations of the radionuclide 

in the air at two time steps. For the first 240 minutes, we will assume that the worker is 

exposed to the peak steady-state concentration of 0.043 mg/m3. For the rest of the 24 hour 

period (1200 minutes), it will be assumed that the worker is exposed to the calculated air 

concentration of the radionuclide at 240 minutes, or 0.000759 mg/m3. Throughout the 24 

hour period, it will be assumed that the worker breathes at a rate of 16 L/min. Based on 

these air concentrations and exposure times, the worker would have been exposed to 

0.165 mg during the first 4 hours and 0.015 mg during the last 20 hours, for a total exposure 

of 0.18 mg. This corresponds to a liquid volume of 0.148 µL. At a specific activity of 58.3 

mCi/mL, 0.148 µL represents an activity inhaled of 0.0086 mCi, which is significantly less 

than the reporting requirements in 1 O CFR 20.2202(a)(2). 

No plausible exposure scenario exists that would cause the worker to inhale or ingest more 

than 10 mCi of C-14 had they stayed in the lab for 24 hours following the spill. Therefore, 

the reporting criteria in 1 O CFR 20.2202(a)(2) were not met and immediate notification of 

the NRC was not required for this incident. 
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