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1.0 PURPOSE 

The purpose of this document is to gather and evaluate the meteorological and weather 
information for the Tank Farms Shift Log Vapor Incident entries and determine what, ifany, 
meteorological influences contribute to the reporting of odors, smells, vapors, and other gases 
such as propane. A part of the evaluation will be determining which of the incidents are related 
to actual “intrusive” work, and which are “transient.” Transient vapor incidents are herein 
defined as those vapors encountered during walkdowns, surveys, or other activities that did not 
require working directly with the tanks, pits, transfer lines, etc. Another part of the investigation 
will involve determining if there are barometric pressures or other weather related phenomena 
that might cause or contribute vapors being released when there are no “intrusive” activities. A 
final purpose is to evaluate whether there is any correlation between the 242-A Evaporator 
operations and Vapor lncidcnts entered on the Shift Log. 

2.0 hlETHODOLOCY 

The Hanford Meteorological Station (HMS) continuously records the barometric pressure in 
one-hour increments and retains those files as text documents. HMS also operates a weather 
station in both the 200 East and 200 West Areas, and these stations record barometric pressure, 
wind direction and velocity, precipitation, and the temperature as high, low, and average in 
fifteen-minute intervals throughout each day. HMS and weather station data were gathered for 
each day (24 hours) for which a record was made in the shift log incident reports. Once the text 
delimited files were received, they were converted into Excel’ formats and the appropriate data 
were gathered and charted. 

The initial charts attempted to use all ofthe weather station parameters and the HMS barometric 
pressure for the day (24 hours) in which the incident occurred, but the ranges required for the 
wind direction and velocity minimized the barometric pressure fluctuations. In order to define 
the barometric changes during each recordcd incident, it was necessary to plot only the pressure 
from HMS and the appropriate weather station against time for each date. The reported time of 
the vapor incident is represented as a vertical line bisecting the pressure curves, one each from 
HMS and the appropriate weather station. 

Operational information for the 242-A Evaporator was collected for the same period of time. 
These data were evaluated as to whether the evaporator exhaust may have been influential during 
some of the vapor incidents. 

’ Microson% Excel is a registered trademark of Microson Corporation, Redmond, Washington. 
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3.0 ANALYSES 

In addition to the hard data acquired from the ShiA Log, HMS, and the outlying weather stations, 
information was obtained from James Droppo, an atmospheric physicist working at HMS. The 
tenor of discussion centered on the cumulative kinetic energy related to atmospheric pressure, air 
density, and wind velocity, and how the energy acting on any of the tank systems would be the 
total kinetic energy of these weather parameters. According to the data, the total release from a 
tank would be greater than what would be assumed from the headspace calculation alone. There 
are five different types of vent risers installed on the single-shell tanks (SSTs) and double-shell 
tanks (DSTs) at the Hanford Site, and there is no reason to believe that each type will respond in 
the same manner. Therefore, the magnitude of the vapor incident may be in part a function of 
the vent system response to the weather. 

The charts provided by Mr. Droppo cover a period of three days (beginning at midnight) during 
the summer and a similar time during the winter for the U-108 tank, as an example. 

Although the following summer and winter charts are for a single specific tank, the physics and 
science are applicable to the system(s) of each of the tank farms. The summer chart indicates the 
primary influence for potential vapor exhausting during the daytime hours is the energy 
generated from the wind velocity, and the energy supplied by the other weather parameters is 
negligible. The charted exhaust rate, in m’hr, is nearly identical to the wind velocity for a 
period of IO to 13 hours per day ofdirect sun. The daytime low air density would permit a rapid 
dispersion ofexhausting gases or vapors, and in an environment ofmoderate to high wind would 
tend to remove the low density vapors relatively quickly from the point of release. The higher 
density vapors or gases would tend to accumulate in the depressions and structurally low areas of 
the tank farms, support structures, or facilities. 

In the evening, the energy from barometric pressure and air density increases which raises the 
total energy acting on the system and increases the potential exhausting rate from the tanks. The 
higher energy acting on the system would enhance the dispersion of not only the lighter gases 
and vapors, but also the heavier ones. It would appear from the charts that the exhaust volumes 
would be much higher in the overnight hours, and there would be lesser accumulations in low 
areas due to the energy acting on the system. 

5 
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Figure 3-1. Energy Dist~bution ~ ~ e l ~ c t e d  Summer ~ ~ u r s )  

Selected Summer Hours 

7 3 3 7 9 I1 13 15 17 19 21 23 25 27 29 31 33 35 ii 39 41 43 115 41 49 51 55 55 51 59 (ii G3 65 
Elapsed data h w s  

The energy distributioi~ for the winter charts indicate the wind velocity and barometric pressure 
are the priniary contributors affecting the potential vapor releases, The air density i s  more 
consistent throughout the winter due to the lack o~extremes of temperature and, therefore, plays 

ive role in vapor releases and distribut,ion, but i t  does provide enough energy to inake 
the baseline energy level higher during the winter than the summer. The inference i s  that rhere 
should be more vapor incidents during the winter than summer, provided the remaining weather 
p h e n ~ I ~ ~ ~ n ~ ~  are stable. Using a time Game of October I to March 3 1 as a noininal winter period 
and without regard to other weather influences, there were more reported vapor incidents trver 
the nine year period during the winter than ii? the summer. 
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F j ~ ~ F e  3-2. Energy D i ~ t r i b ~ ~ i o n  (Selected Winter Hours) 

Selected Winter Hours 

.. . . . . . . .~ . . . . .. ... . ...~ ... . . . . . . . ' .. ... . . . . .. 14 

Elawed data hours 

The charts indicate that the exhausting disc.harge rate during times of high kinetic energy are 
s i ~ ~ i ~ i c a n t ~ y  higher than would be produced simply by calculating the head space volume 
available to be discharged over the course ofthe change of barometric pressure. During the 
suininer, the wind velocity a i d  air density are the primary c o n t r i b u t ~ ~ ~ ~  to the total energy acting 
upon the systems, but the pressure coiitr~butes during the cooler hours ofthe day. The summer 
chart indicates that the primary influence during the daytime hours is the wind velocity: across 
the chart the total energy acting on the system in the daytime i s  wind related. 

During the winter, there is a more consistent contribution by all the components, but here again, 
the high energy days are definitely related to the increase in wind velocity. 

3.1 A ~ A L Y T l ~ A L  G R A P H ~ ~ S  M ~ T ~ O D O L ~ G Y  

Inquiries for specific inforInation, such as barometric pressure for the entire 200 East or West 
Areas on a specific day, were put out to the Hanford Meteorol{)gica~ Station (,HMS) on site. 
Before receiving this information, the events reported in the Event Shift-Log Repoi? werc 
separated into three categories: intrusive work, transient work, and work unrelated to Tank 
Famis for each year (1995-2~~4)  as indicated in Table 3-land Appendix A. ARer dividing the 
shift-log events into three categories and receiving the HMS data, the suspec,ted vapor events 
(Le.. transient and intrnsive work only) were analyzed by making graphical represent~lioii~ of  the 
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barometric pressure from the 200 East or West Area HMS station and the general area HMS 
station data during a specific 24-hour period and plotting when the event occurred on this same 
graph. Work unrelated to the Tank Farms was not analyzed further. 

Table 3-1. Incidents per Year by Work Category 
Years 

Incidents - 1995 1996 1997 1998 1999 ttet 
Related to TF Work (intrusive 

&transient) 6 3 9 18 13 23 32 26 49 25 
Not Related lo TF Work I 2 4 3 2 8 6 3 7 I 1  

Total Incidents 1 5 13 21 15 31 38 29 56 36 

This gave a general understanding of the barometric pressure trend for that specific day and 
whether or not weather conditions could have exacerbated a potential release of vapor from one 
of the several Tank Farms located throughout the Hanford Site. Wind speed and direction also 
played a key role in the analyzing of these events. This process was done for two of the three 
categories (intrusive and transient), because it did not seem pertinent to'analyze events unrelated 
to Tank Farms, such as the odor ofan animal carcass or the diesel exhaust from a truck outside 
the fence line. 

3.2 GRAPHICAL DATA AND REPRESENTATIONS OF 
hlETEOROLOGlCAL CONDITIONS 

Graphical representations (Appendix B) show barometric pressure for the 200 East or West Area 
and the general HhZS station data over twenty-four hours (given in filteen minute intervals). 
This data plots a pressure trend for a specific day or event. This information coupled with wind 
speed and direction data paints a picture to assess whether or not weather conditions played il 
role in the vapor events reported. Typically, if the plotted data trends downward, then that 
particular day was expcriencing low pressure. Generally speaking, during a low-pressure day, 
vapors under pressure (for example, in the hcadspace of a SST or DST) would be capable of 
release into the atmosphere given the atmospheric pressure is lower than that of the headspace of 
the tank; inversely, if the plotted data trends upwards. then that particular day was experiencing 
high pressure. During a high pressure day. natural vapor release is not likely, because the 
atmospheric pressure is greater than that which is underground forcing it to stay that way. Wind 
speed and direction play a key role on low-pressure days as mode of transport. For instance. a 
tank riser or an activity inside a fence line may vent a vapor during a low pressure day in one 
farm and, given the right speed and direction of the wind, the vapor may be carried into another 
adjacent andor parallel farm exposing employees not directly involved in the specific work 
activities of the original farm. However, ongoing stack dilution and dispersion studies indicate 
vapor concentrations are diluted andor dispersed from the original source. Therefore, vapor 
concentrations that employees may encounter in adjacent farm systems should be lower than 
those found nearer to the vapor source. 

8 



RPP-RPT-22914 Rev. 1 

4.0 ANALYHCAL RESULTS 

4.1 BAROMETRIC PRESSURE 

The graphical representations of barometric pressure over a twenty-four hour period on the 
specific days of incidents reported from 1995 to 2004 (Appendix A) indicate that barometric 
pressure alone can cause andor exacerbate a vapor release; the majority of the Occurrences 
reported show a downward trend in barometric pressure which indicates a release by this means 
could have been possible. However, the aforementioned study performed by Mr. Droppo shows 
that low barometric pressure can not be the sole offender during either intrusive or transient work 
to result in vapor release. Graphical representations are presented in Appendix B. 

4.2 WIND SPEED AND DIRECTION 

Wind velocity andor direction play a key role in the transporting ofcertain heavy vapors (lighter 
vapors tend to dissipate quickly in moderate to heavy winds) should they have been released into 
the atmosphere. Moderate to heavy winds could transport certain types of vapors to other areas 
in the originating farm or to other nearby farms, while low to non-existent winds could result in 
vapor accumulation in low-lying areas, which could intensify exposure to personnel working in 
those areas. This transportation of vapors could also explain the numerous accounts of Tank 
Farm personnel reporting exposure to a substance that may or may not have originated from a 
Farm they were working in or around. For example, PER-2004-0333 stated that Nuclear 
Chemical Operators (NCOs) located and working in C-Farm reported an organic vapor odor 
coming from the direction of AN-Farm. Upon further research, it was determined that wind 
patterns and velocities recorded through HMS for this particular incident and intrusive work 
being performed in the AN-Farm at the time indicated that a vapor if released could have been 
transported across farms via the wind. Wind speed and temperature correlation graphs, as well 
as tank farm maps Showing the approximate location of incidents and correlation of wind speed 
and direction, are shown in Appendix C. 

4 3  242-A EVAPORATOR 

After reviewing the operating dates for the 242-A exhauster, only nineteen total incidents 
reported from 1995 to 2004 coincide with dates the exhauster was in operation. Of these 
nineteen, only five were possible given wind patterns recorded in 200 East Area on those 
particular days. Though the majority of these incidents occur within the potential originating 
farm, some of these possible incidents occur in adjacent farm systems such as AN, AP, and AY 
Farms or ancillary buildings such as the 244-A Lift Station or 204-AR Waste Unloading Station. 
The five possible incidents are summarized in Table 4-1. A map showing their approximate 
location, wind direction and speed during the time an incident was reported is included in 
Appendix C. Operation campaigns are shown in Table 4-2. 

9 
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Table 4-1. Possible Vapor Incidents Related to 242-A Exhauster Operations 

Note: CAM = conlinuous air monitor 
TF = tank farm 

Table 4-2. 242-A Operation Campaigns 

43.1 

After analyzing all of the events and placing them in their individual graphical representations, 
the percentage ofevents by farm was determined. Between 1995 and 200.1, the “A” Farms 
(A, AX, AY. AN, AW. AP. and AZ) had more reported vapor events than all the rest of the 
Farms combined coming in at 98 reported incidents (39% of the total amount of reported 
incidents). The “ B  Farms (B, BX. and BY) reported 17 incidents (6.8% of the total reported); 
the “C” Farm reported 24 incidents (9.6% of the total reported). The “s” Farms (S, SWSY) 
reported 24 incidents (9.6% of the total reported); the ‘T’ Farms (T. TX, and TY) reported only 
3 incidents in nine years ( I  .2% of the total reported). “LT’ Farm reported 18 incidents (7.2% of 
the total reported incidents). Areas not specifically identified as a Tank Farm or within the Tank 
Farm boundaries reported 67 incidents (27% ofthe total). The percent total incidents reported 

Percentage of Events by Farm 
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between 1995 and 200.1 are summarized in Table 4-3. Table D-l located in Appendix D shows 
individual farm percentages over the course of the nine years. 

C Farm (24) 
S&SX Farm(i0) 
T. TX. & TY Farms (3) 
Total 

Table 4-3. Percent Total Incidents Reported (1995 to 2004): 

Total Incidents Reported over 1995 - 2004 [through 9/30/04I (251) 
SST rsq 
A & AX Farms (14) I 5.6% 
B. BX. & BY Farms (17) 6.8% 

9.6% 

4% 
I .2% 

34.3Y. 

AY. AZ. AN. AP & AW Farms (84) 

SY Farm (14) 
Total 

33.5% 

5.6% 

39.1% 

OTHER (67) I 26.7% 

TOTAL (251) IOOY. I 

5.0 CONCLUSIONS 

After reviewing all of the information and the analytical data created, it is concluded that weather 
phenomena. specifically barometric pressure, and wind velocity and direction can potentially 
cause or exacerbate a vapor release within the farm systems, be it SST or DST.' 

During intrusive work regimens, a small decrease in the barometric pressure could potentially 
result in a release of vapors that would affect the workers if the remaining weather parameters 
are relatively stable. 

Vapor reports recorded during transient work routines (walkdowns and surveys, etc.) are 
generally related to wind direction and velocity, which in itself could generate the vapor release. 
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6.0 RECOMMENDATIONS 

During the initial review of the vapor incident Shift Log reports, it was determined that there are 
numerous incomplete entries throughout the review period. The following recommendations are 
independent of whether a Problem Evaluation Request (PER) was tiled. Although incident 
numbers were assigned and the fields associated with the weather and other physical phenomena 
were completed, the remaining fields were generally incomplete. The data are difficult to 
process in any real sense when there is no work process description, no specific work location, 
no mention of the number of personnel affected, no details ofsymptoms or medical attention, 
and most importantly, the incomplete data regarding Industrial Health (III) Technicians 
monitoring and results. 

Vapor incident reports and charts were made to correlate the data for wind and temperature 
against the recorded incident data. An observation is that there is little correlation between the 
actual reported tempcrature plus wind velocity and direction for the reported incident and the 
weather station recorded data for the Shift Log incident time. Trying to correlate the Shift Log 
stated wind velocity and direction along with the temperature to match a data set in the weather 
stations information generally leads one to conclude an incident happened at a different time 
from that reported in the Shift Log entry; examples of this can be found in Appendix B. 

Evaluating vapor incidents from the weather-related aspect must out of necessity address issues 
of tank venting, vent construction and placement, interconnectivity of tank venting in addition to 
the spatial relationship of the tank farms to one another. By the same reasoning, each incident 
should be isolated and identified on the appropriate map with the shift log entry number so that 
the weather related phenomena may be applied properly. 

The following recommendations have been implemented into procedure TFC-AOP-OI 5 
“Response to Reported Odors or Vapor Exposures” and should greatly enhance future reviews of 
incidents: 

Recording the exact date and time of the event, as well as the location and the number 
of employees involved. 

Reporting the initial symptoms, ifany, during and after the event occurs. 

Reporting the description of the odor or vapor and what might have caused the event to 
happen. 

Reporting the specific work package or task number. 

Obtaining and recording the meteorological data at the time of the incident. 

Notifying the Employee Health Advocate or Industrial Hygienist as soon as the event has 
occurred. 
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7.0 REFERENCES 

PER-200.1-0333, “C-106 Caustic Flush, Employee Got a Whiff of Vapor Odor,” CH2M HILL 
Hanford Group, Inc., Richland. Washington. 

TFC-AOP-015, “Response to Reported Odors or Vapor Exposures:’ CH2M HILL Hanford 
Group, Inc.. Richland, Washington. 

13 



RPP-RPT-22914 Rev. 1 

APPENDIX A 

VAPOR INCIDENTS 

A- 1 
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APPENDIX A 

A1.0 REPORTED VAPOR INCIDENTS 1995 - 2004 

Generated table for the nine year period taken from the Shift-Log for all vapor incidents reported 
during specified intrusive, transient, or non-Tank Farm related activities. 

A- 2 
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Richland, Washington. 

PER-20034559, “BY-Farm Vapors,” CH2M HILL Hanford Group, Inc., Richland, Washington. 

PER-20034945, “Continuous Air Monitoring Surveillance Not Completed Per Procedure,” 

. PER-200.1-0299, “Unusual Odor in U-Farm,” CH2M HILL tlanford Group, Inc., Richland, 

CH2M HILL Hanford Group, Inc., Richland, Washington. 

Washington. 

PER-2004-0588. “Vapor Exposure - White Board Cleaner at Training,” CH2M HILL Hanford 
Group, Inc., Richland, Washington. 

PER-2004-0760. “S-I12 Secured Pending Safety Basis Classification,” CH2M HILL Hanford 
Group, Inc., Richland, Washington. 

PER-2004-091 8, “Vapor Exposure in 2414,” CH2M HILL tlanford Group, Inc.. Richland, 
Washington. 

PER-2004-0919. “Vapor Exposure in 241-U,” CH2M HILL Hanford Group, Inc., Richland, 
Washington. 

PER-2004-1301, “Employee Evaluated at HEHF after Ammonia Exposure at C-105,” 
CH2M HILL Hanford Group, Inc., Richland, Washington. 

PER-2004-1521, “Employee Smelled Odors Near 241-AY-102 Inlet Station,” CtI2M HILL 
Hanford Group, Inc., Richland, Washington. 

PER-2004-1524, “Maintenance Employee Smelled Odor in AY-Farm,” CtI2M HILL Hanford 
Group, Inc., Richland, Washington. 
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PER-2004-1526. “Employee Smelled Chemical Odor at 102-AY Inlet Station,” CH2M HILL 
€fanford Group, Inc., Richland, Washington. 

PER-2004-1765. “Occurrence IO ( 5 )  SC-4 Declared for Vapor Exposure and Response,” 
CHZM HILL Hanford Group, Inc., Richland, Washington. 

PER-2004-2072. “Employees Smelled Diesel Outside 241-AW,” CH2M HILL Hanford Group, 
Inc., Richland, Washington. 

PER-2004-3690. “Septic Tank Next to MO-979,” CH2M HILL Hanford Group, Inc., Richland, 
Washington. 

PER-20044589, “Employee Smelled Strong Odor In Storage Shed at 2750,” CH2M HILL 
Hanford Group, Inc.. Richland, Washington. 

PER-20044808, “Employees Taken to AMH for Headache and Sore Throat,” CH2M HILL 
Hanford Group, Inc., Richland. Washington. 

PER-2004-4968, “HPT Smelled a Sharp Musty Odor,” CH2M HILL Hanford Group, Inc., 
Richland, Washington. 
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B1.O INTRUSIVE WORl v POR INCIDENT GRAPHICAL REPRESENTATIONS 
(YEARS 1995,1996,1997,1998,1999,2000,2001,2002,2003, and 2004) 

Work Intrusive Vapor Incidents Analysis and Conclusions 

After analyzing the graphical represenbtions of barometric pressure over a twenty-four hour 
period on the specific days of work defined incidents reported between. the years of 1995 and 
2004, it was found that in the majority ofoccurrences that barometric pressure alone could have 
caused or exacerbated a vapor release. However, wind velocity and/or direction could also play 
a key role in the transporting of certain heavy vapors (lighter vapors tend to dissipate in moderate 
to heavy winds) should they have been released into the atmosphere by some other method. 

82.0 TRANSIENT WORK \'APOR INCIDENT GRAPHICAL REPRESENTATIONS 
(YEARS 1996,1997,1998,1999,2000,2001,2002,2003, and 2001) 

Work Transient Vapor Incidents Analysis and Conclusions 

After analyzing the graphical representations of barometric pressure over a twenty four hour 
period on the specific days of work non-defined incidents reported between the years of 1995 
and 200.1, it was found that in the majority ofoccurrences that barometric pressure alone could 
have caused or exacerbated a vapor release. Wind velocity and/or direction could also play a 
part in the transporting of certain heavy vapors (lighter vapors tend to dissipate in moderate to 
heavy winds) should they have been released into the atmosphere by some other process. 

- Note: The Hanford Meteorological Station's computer crashed in 1995 resulting in no data 
collection for the months of May and July. 
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N T R U ~ I V ~  WORK VAPOR I ~ C I ~ E N T  G R A P H I ~ A ~  REPRESENTA~I 
( ~ E ~ R S  1995,1996,1997,1998,1999,2000, 2001,2002,2003, and 2004) 

BY Farm (q /~5 /~985)  
# 1995-1 
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C-Farm (3/22/1995) 
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29 5E 

29,: 
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29.6 i 

C-Farm Incident (5/7/1997) 
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~ ~ . F a c ~  Incident (I 2f261t997) 
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S-Farm Incident (3/10!1938) 
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AZ-Farm Incident (3/25/1998) 
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29 . 

28 86 

0 00 2 24 4 46 712 9 36 1200 1424 1848 1912 
Time (15 min. intervals) 

+BBiO. Press -.* -inCiflenl press 

C-Farm Incident (4/9/19gE~ 
# 1998.5 

0 

2935 j 

8-3 



~ P P ~ R P ~ - 2 2 ~ 1 4  Rev. 1 

U-Farm Incident (~29/1398) 
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U-Farm Incident (7113H988) 
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244-5 Incident (8/10/1998) 
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AX-Farm Incident (1011511998) 
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S-Farm incident (7/22~1999) 
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# 2000.6 

-+- Barti Press -dr iiicidant Press 

21.76 

0-25 



SY-Farm Incident (319i2000) 
#2000.8 

29 

-_ . . ,.. ..... - ~~ -~ ~ 

.... ~ ~ 

I 2 4  4 4R 7.12 9 36 12.00 1424 1648 1912 21-36 1),)0 
u 00 

Time (75 min. intervals] 

W a r m  Incident (319/2000) 
# 2000. e 

2 9 5 ,  

0 00 

13-26 



RPP-RPT-22914 Rev. I 
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A Farm (10/1/2002~ 
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C Tank Farm, Vapor incident 2003-26 
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C1.0 WIND SPEED AND DIRECTION CORRELATION TABLES 

Tables generated for the four year period that show the wind speed and direction as well as barometric 
pressure and its trend during specific shift-log reported incidents, and what type of reported or non- 
reported work was being performed at the time. 

C2.0 WIND SPEED AND TEnlPERATURE CORRELATION GRAPHS 

Graphs generated from randomly selected incidents throughout the four-year period to check the validity 
of the reponed incident time given in the shift log or related PER. 

C3.0 WIND SPEED AND DIRECTION TANK PARbl nlAPS 

Generated Tank Farm maps that plot reported incidents over a four-year period (given those incidents had 
a defined scope of work or a general location within a specified Farm). Plotted incidents give the date the 
incident was reported, the shin log record number, reported wind direction and reported wind speed. 
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(21.0 WIND SPEED AND DIRECTION CORRELATION TABLES 
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C3.0 WIND SPEED AND DIRECTION TANK FARhl MAPS 
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APPENDIX D 

INDIVIDUAL FARM PERCENT TOTAL INCIDENTS REPORTED 
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D1.O INDIVIDUAL FARM PERCENT TOTAL INCIDENTS 
REPORTED OVER NINE YEARS 

Generated table showing the percentage of incidents reported by individual Farm system for 
every year over the nine year period. 

DZ.0 INCIDENT PERCENT BY YEAR 

Generated table showing the percentage of incidents reported by year for every year in the 
nine-year period. 
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~~~~ ~ 

1997 5.2% 

1998 8.4% 

Table D-2. Incident Percent By Year 

2000 

2001 

Total Incidents 

Incident % by year 

2.8% 

12.4% 

1 5 1 %  

I 1996 

I 1999 I 6.0% I 

2002 1 11.6% 1 I 
I 2003 
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