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242086 
MONTICELLO GENERATING STATION 

TOXIC CHEMICAL STUDY 

-Incapacitation Levels

1. INTRODUCTION 

In January of 1981 a Toxic Chemical Study was performed for the 
Monticello power plant (Reference 1). That study concluded 
that four toxic chemicals, Ammonia, Chlorine, Hydrogen Chloride 
and Hydrogen Sulfide would exceed the Threshold Limit Value 
(TLV) levels in the control room if an accidental spill 
occurred. Consequently it was recommended that monitors be 
installed to detect these chemicals. The possible sources of 
these chemicals are: on-site storage, the Burlington Northern 
Railroad, and Highways 1-94 and U.S. 10.  

The Main Control Room Toxic Chemical Study also determined 
setpoints for the monitors and required response times to 
comply with Regulatory Guide 1.78. To insure compliance with 
Regulatory Guide 1.78 which specifies that operators have at 
least two minutes to put on self contained breathing apparatus, 
monitors were set either equal to or below TLV levels. With 
the TLV used as a monitor setpoint, operators will have 
adequate time before the Short-Term Exposure Limit (STEL) is 
reached. Both the TLV and the STEL are set for long-term 
occupational exposure, not a one-time exposure situation.  

In early 1981, NUREG/CR-1741 entitled "Models for the 
Estimation of Incapacitation Times Following Exposures to Toxic 
Gases or Vapors" was published. The report presents another 
methodology to predict operator incapacitation for one-time 
exposure to toxic chemicals. It consisted of using 5 models 
(A-E) covering significant physiological and toxicological 
effects to humans.  

The Toxic Chemical-Incapacitation Level Study has been 
undertaken to determine the possibility of eliminating some of 
the 4 chemicals currently being monitored by applying the 
techniques of NUREG/CR-1741 to Monticello.
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2. NUREG/CR-1741 MODELS 

Human exposure to airborne toxic materials produces a wide 
range of physiological and toxicological effects. For 
incapacitation effects there is a threshold concentration below 
which the body can eliminate, transform or otherwise act on the 
chemical to negate its effects. Above this threshold, there 
are two principal physiological modes which dominate: 
concentration dependence and dose dependence. For 
concentration dependent chemicals, the total dose received is 
not as important as the concentration of the chemical during 
exposure. Dose dependent chemicals produce an effect that is 
directly related to the total exposure regardless of the 
concentration at any given time.  

NUREG/CR-1741 presents 5 models to describe incapacitation.  
However all the chemicals at Monticello fall into the range of 
the first or "A" model or the fourth or "D" model, both of 
which are described below: 

Model A. Concentration Dependent - Immediate Sensory 
Irritants: This model describes a procedure for 
predicting the time to incapacitation for immediate 
sensory irritants (e.g. Ammonia, Chlorine, Hydrogen 
Chloride, and Formaldehyde). The effects are 
concentration and not dose dependent.  

Chemicals classified as immediate sensory irritants are 
corrosive or desiccant in their action. They inflame skin 
or mucous membrane especially when moist. They stimulate 
nerve endings in the eyes, nose, and oral cavity and 
inhibit respiration. They have essentially the same 
effect on animals as on humans and the exposure 
concentration is of greater significance than the duration 
of the exposure.  

Model D. Dose-Related to Concentration Above an Onset 
Level for Significant and Immediate Incapacitating 
Response: This model is dose dependent. The integrated 
dose, however, begins accumulating after the exposure to 
concentrations reaches an onset level for incapacitating 
effects. The onset level is above the TLV. Examples of 
chemicals where this model is appropriate are: Benzene, 
Hydrogen Sulfide and Vinyl Chloride.
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3. CHEMICAL DESCRIPTION 

Presented below is a summary of each of the four toxic 
chemicals that are in question at Monticello. Of these four 
chemicals: Ammonia, Hydrogen Chloride, Hydrogen Sulfide, and 
Chlorine only the first three were analyzed since the proximity 
of the on site chlorine makes the need of a chlorine monitor 
inevitable. The information is taken from literature on the 
subject. The summaries focus on the effects these chemicals 
have on human beings. When such data was not available results 
on animals were presented.  

Ammonia, NH3 

Ammonia is a colorless gas with a sharp, intensely 
irritating odor. It has an odor threshold of 46.8 ppm for 
humans (Reference 4). Complaint levels of 20-25 ppm were 
first observed. Human effects such as eye irritation 
sometimes with lacrimation, nose, throat, and chest 
irritation (coughing, edema of lungs) were found at 
concentrations up to 700 ppm, depending on exposure time 
(Reference 2,3,5). The chemical then becomes lethal 
starting at 2000 ppm concentration even for exposures of a 
very short duration (Reference 2).  

Chlorine, CL2 

Chlorine in its gaseous form is greenish-yellow in color.  
It has a disagreeable, suffocating and irritating odor 
which is readily detectable at 3-5 ppm. Irritant effects 
to eyes, nose, throat and/or face were noted at low 
concentrations. Effects on the upper and lower 
respiratory tracts and pulmonary edema were reported at 
high concentrations. Chlorine becomes highly dangerous 
for exposures of 30 minutes at 40-60 ppm; it becomes fatal 
for exposures of 30-60 minutes at 833 ppm and fatal in a 
few breaths at 1000 ppm (Reference 2). There were reports 
on effects of concentrations around 5 ppm covering 
respiratory complaints, corrosion of teeth, inflammation 
of mucous membranes of nose and increased tuberculosis 
susceptibility (Reference 5).

-3-



Hydrogen Chloride, HCL 

Hydrogen Chloride or hydrochloric acid in gaseous form is 242 6 
colorless with a suffocating odor (Reference 5). It 
causes irritating effects to the human nose and throat if 
inhaled at concentrations as low as 5 ppm and becomes 
barely tolerable at 50-100 ppm for a 1 hour exposure 
(Reference 3,5). Breathing HCL gas was found to be 
dangerous from concentrations of 1000 ppm and is fatal to 
humans for even a few minute exposure at 1300 ppm 
(Reference 2).  

Hydrogen Sulfide, H2S 

Hydrogen Sulfide is a colorless gas with highly offensive 
odor suggesting rotten eggs (Reference 2, 7) detectable at 
a concentration of 0.0047 ppm. At concentrations of 20 
ppm or less, eye effects were reported. Exposures of 
humans at low concentrations for a few hours resulted in 
headache, sleep disturbance, nausea, weight loss, possible 
symptoms of brain damage and corneal injury. There were 
findings also such as pulmonary edema, bronchial pneumonia 
and unconsciousness that leads to death by respiratory 
paralysis at exposures to high concentrations above 200 
ppm (Reference 5). The lethal inhalation concentration to 
humans (Reference 8) is 600 ppm for a 30 minute exposure.  

4. ANALYSIS PREFORMED 

The Bechtel standard computer code TOXGAS (NE314) whose 
methodology is described in appendix A of the Main Control Room 
Toxic Chemical Study and modified to include the models of 
NUREG/CR-1741 was used to perform the analysis. Using the 
results of the analysis a determination was made as to which 
toxic chemicals still required monitoring. The assumptions 
made in the analysis were essentially the same as the those 
used in the Main Control Room Toxic Chemical Study. As in the 
Main Control Room Toxic Chemical Study it is assumed that the 
control room HVAC system is in normal operation during the 
postulated accident (i.e. that there is no control room 
isolation), and that chemical monitoring is achieved just by 
the operators ability to detect the chemical. Using these 
assumptions the times to first detection of the chemical and 
the times to incapacitation were calculated. Chemicals that 
have at least 2 minutes between detection and incapacitation 
will not need to be monitored for operator protection.
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5. RESULTS AND CONCLUSIONS 

The analysis shows that all three chemicals, Ammonia, Hydrogen 
Chloride, and Hydrogen Sulfide allowed ample time from 
detection levels to incapacitation levels. The results for 
each analyzed chemical are described below: 

Ammonia 
Detection levels for Ammonia are reached 4 minutes and 33 
seconds before incapacitation levels are reached. Thus, 
operators will have enough time to put on breathing.  
apparatus once the odor is detected. Consequently no 
monitor is required for ammonia.  

Hydrogen Chloride 
Detection levels.for Hydrogen Chloride are reached 5 
minutes and 9 seconds before incapacitation levels are 
reached. Thus, operators will have ample time to take 
corrective measures, and therefore, no monitoring is 
required.  

Hydrogen Sulfide 
Detection levels for Hydrogen Sulfide are reached 10 
minutes and 4 seconds before incapacitation levels are 
reached. Thus, once again, operators will have time to 
take corrective measures so that no monitoring is 
required.  

Conclusion: As discussed above, of the four chemicals 
identified by the Main Control Room Toxic Chemical Study as 
being potentially hazardous to control room operators, three 
chemicals; Ammonia, Hydrogen Chloride and Hydrogen Sulfide, 
will not require monitoring. For these chemicals a training 
program should be instituted for operators to recognize the 
characteristic odors and to take appropriate protective 
measures. Chlorine, due to its presence on site, will continue 
to require monitoring.
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EXHIBIT D 

At hment to BLM: 2645 

REVISION OF MONTICELLO DBA DOSE EVALUATION 

FOR EVALUATION OF CR/TSC HABITABILITY STUDY 

BECHTEL JOB 10040 

The CR/TSC Habitability Study performed (reference 1) and revised for expansion of CR/TSC (reference 2) has been revised again to account for changed parameters. These parameters are: 

90% CR air intake charcoal filter efficiency 
90% SGTS exhausted charcoal filter efficiency 

The methodology used in the analysis.is described in reference 1, with the addition that credit for plateout on the main steam lines istaken as done in reference 2.  

Table 1 lists the assumptions and parameters used in the analysis and dose point locations.  

Plateout on Pipe Surfaces 

A bypass leakage is quantified by assuming that all four MSIV's leak at the technical specification limit of 11.5 scfh. After adjusting this to DBA-LOCA temperature and pressure conditions, the total bypass was rounded up to 25% of the containment leak rate in order to account for potential bypass in the feedwater and other similar lines. Radioactivity leaking past the isolation valves could be released through the outboard MSIV stems into the steam tunnel, or continue down the steam lines to the stop valves and into the turbine condenser complex. Leakage into steam tunnel is exhausted by the SGTS filtration system, thus eliminating it as a bypass pathway. Leakage down the steam lines is subject to plateout and delay within the lines. Reference 3, Section 5.1.2, discusses iodine removal rates which have been applied to calculate plateout on the piping and turbine condenser surfaces.  Elemental and particulate iodine DFs of over 100 can be calculated for small travel distances and large travel times down the steam lines, considering the small volumes of leakage which leak past the valves. This leak rate is consistent with the assumptions used for the Control Rod Drop Accident (CRDA) in Standard Review Plan (SRP) 15.4.9. The volumetric leakage from the condenser 
would be approximately the same as inleakage. Furthermore, the bypass leakage will be cooling and condensing as it travels down the lines. Therefore, it is not anticipated that the turbine condenser volume would pressurize.  

Results 

The radiological exposures in the CR and TSC are included in Table 2. These doses are within the GDC 19 guideline of 10CFR50 Appendix D.
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TABLE 1 

LOSS-OF-COOLANT ACCIDENT: PARAMETERS 
TABULATED FOR POSTULATED ACCIDENT ANALYSES 

DESIGN 
BASIS 

ASSUMPTIONS 

l. Data and Assumptions Used to 
Estimate Radioactive Sources 
from Postulated Accidents 

A. Power Level (MWt) 1670 
B. Burnup NA 
C. Fission Products Released 100% 

from Fuel (fuel damaged) 
D. Iodine Fractions 

(1) Organic 0.04 
(2) Elemental 0.91 
(3) Particulate 0.05 

II. Data and Assumptions Used to 
Estimate Activity Released 

A. Primary Containment Leak 1.2 
Rate (%/day) 

B. Secondary Containment Release 100 
Rate (%/day) 

C. Leak Rate Through MSIV (scfh) 11.5 
D. Main Condenser Leak Rate (%/day) 1.0 
E. Volume of Main Condenser (cu. ft.) 77,000 
F. Valve Movement Times NA 
G. SGTS Absorption and Filtration 

Efficiencies 
(1) Organic iodines 90 
(2) Elemental iodine 90 
(3) Particulate iodine 90 

III. Dispersion (sec/m3 ): Ground Level Elevated 

A. TSC and CR - Buiding Wake 
X/Q for Time Intervals of 

(1) 0-8 hours 8.6xl0-4  2.5xlO-ll 
(2) 8-24 hours 5.lxlO-4  3.7xl0-1 1 
(3) 1-4 days 3.2x10-4  7.3x10- 12 

(4) 4-30 days 1.4x10- 4 2.4x10- 12
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TABLE 1 (Continued) 

DESIGN 
BASIS 

ASSUMPTIONS 

IV. Data for CR/TSC: 

A. Volume of CR/TSC (ft3 ) 123,000 
B. Filtered intake (cfm) 1,000 
C. Efficiency of Charcoal 

Absorber (%) 90 
D. Unfiltered Inleakage (cfm) 10 
E. Recirculation Flow Rate 0.0 
F. Occupancy Factors: 

0-1 days 1.0 
1.4 days 0.6 
4-30 days 0.4
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TABLE 2 

DBA - LOCA RADIOLOGICAL CONSEQUENCES

Dose Contribution 
to the CR/TSC Thyroid

a. Bypass 

b. Plume shine from bypass 
leakage 

TOTAL 

GDC 19

3.63

3.63

DOSES (REM) 
Whole Body

0.0038 

0.0224 

0.0262

30 5
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Skin 

0.107

0.107 

30
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