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FOREWORD

The purpose of the New Mexico Environmental Evaluation Group (EEG) is to conduct an
independent technical evaluation of the Waste Isolation Pilot Plant (WIPP) Project to ensure the
protection of the public health and safety and the environment. The WIPP Project, located in
southeastern New Mexico, became operational in March 1999 for the disposal of transuranic
(TRU) radioactive wastes generated by the national defense programs. The EEG was established
in 1978 with funds provided by the U. S. Department of Energy (DOE) to the State of New
Mexico. Public Law 100-456, the National Defense Authorization Act, Fiscal Year 1989,
Section 1433, assigned EEG to the New Mexico Institute of Mining and Technology and
continued the original contract DE-AC04-79AL10752 through DOE contract DE-ACO4-
89A1.58309. The National Defense Authorization Act for Fiscal Year 1994, Public Law 103-
160, and the National Defense Authorization Act for Fiscal Year 2000, Public Law 106-65,

continued the authorization.

EEG performs independent technical analyses of the suitability of the proposed site; the design
of the repository, its operation, and its long-term integrity; suitability and safety of the
transportation systems; suitability of the Waste Acceptance Criteria and the compliance of the
generator sites with them; and related subjects. These analyses include assessments of reports
issued by the DOE and its contractors, other federal agencies and organizations, as they relate to
the potential health, safety and environmental impacts from WIPP. Another important function
of EEG is the independent environmental monitoring of radioactivity in air, water, and soil, both

on-site and off-site.
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EXECUTIVE SUMMARY

One concern at the Waste Isolation Pilot Plant (WIPP) is the amount of alpha-emitting
radionuclides or hazardous chemicals that can become airborne at the facility and reach the
Exclusive Use Area boundary as the result of a release from the Waste Handling Building
(WHB) or from the underground during waste emplacement operations. The WIPP Safety
Analysis Report (SAR), WIPP RCRA Permit, and WIPP Emergency Preparedness Hazards
Assessments include air dispersion calculations to address this issue. Meteorological conditions
at the WIPP facility will dictate direction, speed, and dilution of a contaminant plume of
respirable material due to chronic releases or during an accident. Due to the paucity of
meteorological information at the WIPP site prior to September 1996, the Department of Energy
(DOE) reports had to rely largely on unqualified climatic data from the site and neighboring
Carlsbad, which is situated approximately 40 km (26 miles) to the west of the site.

This report examines the validity of the DOE air dispersion calculations using new
meteorological data measured and collected at the WIPP site since September 1996. The air
dispersion calculations in this report include both chronic and acute releases. Chronic release
calculations were conducted with the EPA-approved code, CAP88PC and the calculations
showed that in order for a violation of 40 CFR 61 (NESHAPS) to occur, approximately 15
mCi/yr of °Pu would have to be released from the exhaust stack or from the WHB. This is an
extremely high value. Hence, it is unlikely that NESHAPS would be violated.

A site-specific air dispersion coefficient was evaluated for comparison with that used in acute
dose calculations. The calculations presented in Section 3.2 and 3.3 show that one could expect
a slightly less dispersive plume (larger air dispersion coefficient) given greater confidence in the
meteorological data, i.e. 95% worst case meteorological conditions. Calculations show that
dispersion will decrease slightly if a more stable wind class is assumed, where very little vertical

mixing occurs.

It is recommended that previous reports which used fixed values for calculating the air dispersion

coefficient be updated to reflect the new meteorological data, such as the WIPP Safety Analysis




Report and the WIPP Emergency Preparedness Hazards Assessment. It is also recommended
that uncertainty be incorporated into the calculations so that a more meaningful assessment of

risk during accidents can be achieved.

xi







AIR DISPERSION MODELING AT WIPP

1.0 Introduction

The Waste Isolation Pilot Plant (WIPP) has been built by the Department of Energy (DOE) for
the geologic disposal of transuranic (TRU) waste. It is located in the southeastern portion of
New Mexico, approximately 40 km (26 miles) east of Carlsbad in the Delaware Basin. Figure
1.1 shows the site location. The repository is a mined room and pillar construction
approximately 655 m (2150 ft) below the surface in the Salado Formation, which consists mainly
of halite with alternating thin layers of anhydrite with clay seams. The Environmental Protection
Agency (EPA) certified the facility as meeting the Standards for Disposal of TRU Waste (EPA

1993) in May 1998 (EPA 1998).
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Figure 1.1 WIPP Site Location (Source: DOE 1996b)




With the EPA approval, WIPP has been receiving non-mixed TRU waste since March 1999.
Additionally, a RCRA part B permit was issued in November 1999 and the first shipment of
mixed TRU waste arrived at WIPP in March 2000.

TRU waste is defined as waste containing more than 100 nanocuries of alpha-emitting
transuranic isotopes per gram of waste, with half-lives greater than 20 years. The waste
inventory includes a long list of transuranic elements with * ’Pu as the major radionuclide. The
facility is designed to dispose of 13 metric tons of 2pu. The DOE application, EPA
certification, waste packaging practices, history of the Waste Acceptance Criteria, transportation
requirements, design of the WIPP facility, and WIPP Safety Analysis Report clearly reflect

recognition of the inhalation hazards associated with alpha-emitting particles.

The contact-handled (CH) TRU waste will be shipped primarily in 55 gallon drums or steel
waste boxes. Much of the waste within the drums and boxes is surrounded by multiple layers of
plastic bags intended to mitigate the release of respirable particles during packaging, handling,
and storage. Moreover, each drum is fitted with one carbon filter and each box is fitted with two
carbon filters designed to allow the release of flammable gas while preventing the release of

alpha-emitting particles.

Historically, the WIPP Waste Acceptance Criteria, Revisions 0 through 4, included a specific
limit of 1% by weight of respirable sized particles (10 micron) in CH-TRU waste. Particles less
than 200 microns were limited to less than 15%. Revision 5 of the WAC (U.S. DOE, 1996a)
removed the requirements, leaving an unlimited amount of respirable material as acceptable for

handling and emplacement in the facility.

The WIPP Land Withdrawal Act (1996) requires shipment to WIPP in transportation containers
certified by the Nuclear Regulatory Commission (NRC). NRC has certified the TRUPACT II,
which is a right circular cylinder with a screw top lid. The TRUPACT II provides double
containment and is non-vented and it was extensively tested to verify that the package would not
be easily breached in a transportation accident. The DOE plans shipment of the TRU-PACT-II
by truck, although shipment by rail is still an option.




Upon arrival at WIPP, the waste drums or boxes will be unloaded from the TRUPACT-II in the
Waste Handling Building (WHB). The facility is equipped with alpha detecting continuous air
monitors and in the event of a release, is also fitted with high efficiency particulate filtration. A
description of the ventilation used in the WHB can be found in the WIPP Safety Analysis Report
(SAR, DOE 1999). The SAR lists the accident scenarios, which could cause an uptake by
workers in the WHB, underground, or in and around the above ground facilities. The scenarios

and scenario designations are listed in Table 1.1.

For final disposal, the waste will be transported down to the mined out panels and emplaced.

The mine ventilation system removes the large quantities of dust associated with the mining
activity. As a result, during the normal mode of operation, air from the underground is unfiltered
and returns to the surface through the exhaust shaft. The air is diverted through HEPA filters
only when a release of radionuclides has been detected. Continuous air monitors are intended to
provide the information to switch to HEPA filtration. Even if the monitoring system is
functioning properly, it may take several minutes before a warning signal to notify the Central
Monitoring Room (CMR) would result in the exhaust ventilation being switched to HEPA
filtration. In such a case, the uptake of radioactivity by workers on the surface is dictated by the

wind speed and stability conditions at the site.

Knowing the potential dose of radioactivity is an important regulatory concern for both normal
operations and accidents. For normal operational procedures, 40 CFR 191, Subpart A sets a
chronic release limit at the fence line (Exclusive Use Area) of 25 mrem in a year for whole body

or 75 mrem in a year to a critical organs. The EPA, in their NESHAPS requirements, states that

a chronic release of 10 mrem/yr shall not be exceeded.




Table 1.1 WIPP Operational Accident Scenarios

Scenario Description Scenario Name
Spontaneous Ignition of Drum in WHB CH1
Crane Failure in WHB CH2
Puncture of Waste Container in WHB CH3
Waste Container Drop in WHB CH4
Waste Hoist Failure CHS
Seismic Event CH6
Spontaneous Ignition of Drum Underground CH7
Aircraft Crash CHS
Waste Container Drop Underground CH9
Tornado Event CHI10
Underground Roof Fall CH11

As stated in 10 CFR 50, App. I, 10 CFR 100, and summarized in ANSI ANS-51.1-1983 (or
ANST ANS-52.1-1983 - ANSI-ANS 1983) the Offsite Dose Criteria for accident releases is
dependent upon the frequency of occurrence of the accident. Table 1.2 (replicated from Table 3-
1 of ANSI ANS-51.1-1983) shows this relation. In addition to the offsite criteria, Onsite Dose
Criteria are established for the public, which have a much higher threshold than for offsite. Once
onsite, one assumes a higher risk, and therefore higher doses are allowed. These criteria are also

summarized in Table 1.2.

By using the WIPP meteorological data as input to radiological dose models, calculations are
made which would provide insight to the expected conditions for normal operations and accident
analysis for both onsite workers and offsite public. Therefore, this report is meant to provide the
meteorological data in a reduced, coherent format that could be easily input to such models, and

to provide access to online sources for electronic format of the data. The report will discuss the

overall meteorological conditions, show plots of the data, and discuss results of how

meteorological data could affect radiological dose calculations from various models used in

modeling WIPP in the past.




Table 1.2 Offsite Radiological Dose Criteria for WIPP

Best-Estimate Frequency of
Occurrence (F) Per Year

Offsite Radiological Dose
Criteria

Onsite Radiological Dose
Criteria

10" >F = 10™ 2.5rem Srem
10°>F = 10" 6.5 rem 25 rem
10°>F = 10° 25 rem 100 rem




2.0 WIPP Meteorology and Data Collection

In September 1996 DOE established well-sited meteorological towers for measuring atmospheric
conditions at WIPP. According to the draft ANSI standard, ANSI/ANS-3.11 (ANSI-ANS 1999),
a well-sited meteorological tower should be in compliance with the design objectives stated in the
standard. The main design objectives of the standard for a meteorological tower includes 1) the
measurements of wind speed, wind direction, any combination of methods to calculate wind
stability class, and precipitation as a minimum; 2) a redundant or backup data recording system;
3) installed lightning protection to minimize data loss; 4) the tower located at a sufficient distant
as to minimize the effects of local topographic obstructions (including buildings, trees, parking
lots, etc.); 5) periodic review of the meteorological program; and 6) the data should be reviewed
and validated by qualified personnel. This review should include comparisons with the expected
ranges of each measured parameter and inter-parameter checks. In addition, the tower’s basic
meteorological measurement sensors need to operate continuously, meeting accuracy and
resolution values stipulated in the standard, and data recovery rates should be at least 90% for all

measured parameters.

WIPP has two meteorological towers: a primary Meteorological Station and the WIPP Far Field
(secondary meteorological monitoring station) (Westinghouse 1997). Figure 2.1 shows the
proximity of the towers to WIPP boundaries. The primary station is located approximately 500
m (1640 ft) to the northeast of the exhaust shaft and houses a 50-meter (164-ft) instrument
station. The secondary station is located approximately 1000 m to the northwest of the exhaust

shaft and houses a 10-meter (32.8-ft) instrument station.

Secondary
*+ Station

+ | Primary

! Station

—

Exclusive Use Area

Figure 2.1. Location of WIPP Meteorological Towers.




The meteorological stations are equipped with instruments to measure wind speed, wind
direction, air temperature, precipitation, barometric pressure, solar radiation, and relative
humidity. These parameters are measured at 2, 10, and 50 m above ground surface at
approximately 2.5 second intervals. A 15-minute average is then taken on the 360 data points

obtained from the measured data.

Data accuracy is obtained by reviéwing expected parameter ranges and performing parameter
checks. If a parameter’s measurement is outside of the expected range, the data are flagged and

reviewed. Some examples of flags that would require additional review are

e Average wind direction is the same at all levels

e Average wind speed is less than threshold speed (0.45 m/s)

e Average wind speed changed by greater than 4 m/s

e Average wind speed is the same at all levels

e Average wind speed at higher level is less than wind speed at lower level

e Average wind speed has not changed in 4 hours

2.1 General Description of Meteorological Conditions at WIPP

The meteorological conditions at WIPP vary from day-to-day and from season-to-season.
Prevailing winds are from the southeast (40% of frequency from south-southeast, southeast, and
east-southeast). One could expect variable wind speeds with approximately 30.5 cm (12 inches)
of precipitation per year. The region is characterized by an arid to semiarid climate, as is most of
the southwestern United States. For a review of the paleoclimatic description of the area, consult

the WIPP Compliance Certification Application (CCA — DOE 1996) or Swift (1992).

2.2  Wind Speed

The windspeed around the WIPP site generally varies between 0-8 m/s (0-16 knots), averaging
approximately 4 m/s (8 knots), and rising as high as 17 m/s (34 knots). Spring is the windiest
time in the region, with April and May having the highest wind speeds, whereas summertime

brings about calmer winds. Figure 2.2 shows the average and maximum windspeeds for the
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Figure 2.2 Maximum and Average Wind Speed at WIPP for the Period of September 1996 to
February 2000.

period of September 1996 to February 2000. The breakdown of month-to-month wind speeds
can be found in Appendix A.

Wind speed is important in three regards: dilution of a contaminant plume, which takes place in
the direction of the plume transport; the transport time of the plume to the receptor (person or
measuring device subjected to plume hazard); and buoyant plume rise — the stronger the wind the

lower the plume.

23 Air Temperature

The air temperature at WIPP is temperate, rarely dropping below -6.7 °C (20 °F) in the winter
months. The maximum air temperature can get quite hot, reaching as high as 48.9 °C (120 °F) in
late summer. Figure 2.3 shows the minimum, average, and maximum monthly temperatures at
WIPP for the months spanning September 1996 to February 2000. Appendix B lists a daily

record of air temperatures.
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Figure 2.3 Monthly Minimum, Average, and Maximum Air Temperatures at WIPP for the
Period of September 1996 to February 2000.

2.4  Wind Stability Class

The wind stability class is a measure of resistance to vertical mixing. The wind stability is
usually classified by determining the change in temperature to the change in height (IAEA 1980,
EPA 1987). Stability is ranked according to the Pasquill-Gifford Stability Class designation, in
which classes range from A to F (DOE) or A to G (NOAA, NRC), with A being unstable
(meaning very well mixed, vertically or very turbulent flow) and F and G being the most stable
(laminar flow). Usually very stable air produces the most concentrated contamination; pollutants

are not able to dilute through mixing and transport.

The designation of stability class is in accord with Table 2.1. A calculation is made, determining
the change in temperature per 100 m. For the WIPP classification, the temperature difference

was taken at 50 m and 10 m and the conversion is demonstrated in Equation 1.

AT/Az= (Tsp—Ty0)*2.5 (1)




The stability class at WIPP spans the whole spectrum from A to G, but is usually in the extreme
portions of stable or unstable, leaning to the more stable classes. Table 2.2 shows the percentage
of time that the wind is in each category, and Appendix C shows a month-to-month break down

of stability class designations.

Table 2.1 Classification of Atmospheric Stability (NRC 1972)

Stability Classification Category | AT/Az (°C/100 m)
Extremely Unstable A <-1.9

Moderately Unstable B -19t0-1.7
Slightly Unstable C -1.7t0-1.5
Neutral D -1.5t0-0.5
Slightly Stable E -0.5t0 1.5
Moderately Stable F 1.5t0 4.0
Extremely Stable G >4.0

Table 2.2 WIPP Stability Class Designation for September 1996
to February 2000 by Percentage of Time
Stability Class Percentage of Time
in Each Category

22.11

5.26

4.88

15.68

17.89

13.50

20.67

O =4 1 ) O T >

2.5  Wind Direction .
The wind direction is simply the direction from which the wind blows. The wind direction is
usually designated into 16 categories, starting from N(orth) and going clockwise to NNE, NE,

etc, as seen in Figure 2.4.
The polar plot of Figure 2.4 shows the direction from which direction the wind blows for all data

between September 1996 and May 1999. In general the wind is from the southeast and east-
southeast at the WIPP site. Appendix D tabulates wind direction on a month-to-month basis.

10




Figure 2.4 Percentage of Wind Direction (from Direction Indicated) for Meteorological Data of
September 1996 to February 2000.

2.6  Precipitation

The amount of rainfall at the WIPP site varies significantly from month to month and year to
year with 1997 being an extremely wet year at 60.7 cm (23.9 inches) and 1998 being an
extremely dry year at 19.5 ¢cm (7.7 inches). The average rainfall is about 25.4-30.5 ¢cm (10-12
inches) per year. Figure 2.5 shows daily precipitation data for the period of September 1996 to
February 2000. Appendix E lists the daily precipitation with a running yearly total in inches and
millimeters.

2.7  Wind Rose Plots

A common method for displaying meteorological data is the wind rose plot, which summarizes

both wind direction and speed by percentages. These are typically done for complete years, so
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Figure 2.5 Daily Precipitation Record (in Inches) at WIPP from September 1996 to February
2000.

the partial data for 1996 and 2000 cannot be plotted. The plots for 1997, 1998 and 1999 can be
seen in Figures 2.6 through 2.8, respectively.
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Figure 2.6 Wind Rose Plot for WIPP 1997 Data
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WIPP Met Data 1998
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Figure 2.7 Wind Rose Plot for WIPP 1998 Data
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3.0 Air Dispersion Calculations Using WIPP Meteorological Data

The most significant use of WIPP meteorological data, other than establishing ambient
conditions, is modeling a plume release from the exhaust shaft during an underground accident
and release of aerosolized radioactive particles. The models used in estimating the concentration
of a contaminant at a given point typically employ the Gaussian straight-line continuous plume
transport equation for air dispersion. The equation assumes the site-specific, relative

concentration factor (%/Q) in [T/L?],

f(y) g(z
% = Y)8(z) o)
ncyczu
where u is the wind speed [L/T], oy is the lateral dispersion factor [L], o, is the vertical
dispersion factor [L], and f(y) and g(z) are horizontal and vertical correction factors,
respectively, and the equation is governed by the wind speed, wind stability class, and stack

height exclusively. f(y) and g(z) are represented by

1 2

£y) = exp g(f—) } )
1(h,-z)’

g = eXp{-E( - j } )

where h, is the effective plume height. The effective plume height is equal to the stack height, h,

plus any change in height, Ah, due either to plume rise, stack downwash or gravitational settling.

Figure 3.1 graphically represents the model of Gaussian plume dispersion.

The Gaussian nature of the plume spread in either lateral or vertical direction is represented by a
dispersion factor, &. This dispersion factor accounts for plume spread by mechanical and/or
chemical mixing from empirical fitting formulae based on Pasquill-Gifford-Turner curves (Hey
1994). The curves for dispersion factors 6y and &, can be found in Appendix G and are

represented by the equations below.
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Figure 3.1

y
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Gaussian Plume Dispersion Model

&)

(6)

where A,B,C are fitting coefficients and x is the downwind distance. The fitting coefficients are

given in Table 3.1 for three distances: less than 100 m, 100 to 1000 m, and greater than 1000 m.

Table 3.1 Fitting Coefficients for Dispersion Factors

Stability Ay A, B, C.

Class <100 | 100to 1000 m | >1000m | <100m | 100to 1000 m | >1000m | <100m | 100 to 1000 m | >1000m
A 0.3658 {| 0.192 0.00066 0.00024 0.936 1.941 2.094 0 9.27 -9.6
B 0.2751 | 0.156 0.0382 0.055 0.922 1.149 1.098 0 33 2
C 02089 { 0.116 0.113 0.133 0.905 0.911 0.911 0 0 0
D 0.1471 § 0.079 0222 1.26 0.881 0.725 0.516 0 -1.7 -13
E 0.1046 } 0.063 0.211 6.73 0.871 0.678 0.305 0 -1.3 -34
F 0.0722 | 0.053 0.086 18.05 0.814 0.74 0.18 0 -0.35 -48.6
G 0.0481 | 0.032 0.052 10.83 0.814 0.74 0.18 0 -0.21 -29.2
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Several numerical codes use these equations or similar equations (which may account for
building wake effects, plume meander, etc.) to compute the concentration of a contaminant to a
receptor downwind from the release point. Many of these were developed to compare releases to
various regulatory compliance standards established by the EPA or the Nuclear Regulatory
Commission (NRC). Several codes were identified as being pertinent to WIPP releases and are
presented in the sections below. Using the assumptions of release mechanisms found in the SAR
(DOE 1999), calculations can be made to show compliance (or noncompliance) with 40 CFR 61
(National Emission Standards for Hazardous Air Pollutants - NESHAPS) and 40 CFR 191
Subpart A.

3.1 CAPSSPC
To assess compliance with 40 CFR 61, the EPA uses an approved code called CAP88PC (which
stands for Clean Air Act Assessment Package — 1988 located at

www.epa.gov/rpdweb00/assessment/cap88.html) to model chronic releases of radioactivity from

a release stack based on the Gaussian plume model. The code can be used to model both
collective populations or maximally-exposed individuals (MEI) for a wide range of radionuclide

and meteorological data. CAP88PC is only applicable to chronic exposure (Parks 1992).

CAPP88PC uses a standardized STAR format for meteorological data input. The STAR format
is a frequency table, dividing windspeeds and wind directions for all atmospheric stability
classes, as shown in Table 3.2. The STAR format for 1997, 1998, and 1999 for WIPP

Meteorological Data can be found in Appendix F.

CAPPS88PC is extremely simple to use, with dialog for input of data being straightforward. The
grid can also be discretized as fine or course as needed. A relatively fine grid was used for WIPP

calculations for plotting purposes.

The model was run to estimate the dose to a MEI at various distances from a ground release.
The source was >>°Pu (all radioactive sources were normalized to 239Pu, called a PE-Ci. The PE-

Ci is derived by comparing the 50-year effective whole-body dose commitment due to inhalation

20




Table 3.2 STAR Format Example

Wind Stability Wind Speed (knots)
Direction Class at 10 m Level
i 1-3 4-6 7-10 11-16 17-21 >21

N
NNE
NE
ENE
E
ESE
SE
SSE

S
SSW
SW
WSW
W
WNW
NW
NNW

>

B e | | B[ ] ] 2] ] ]

of various radionuclides to that of 2**Pu), and the meteorological data used in the modeling were
from 1997 through 1999. The results are shown in Figure 3.2 through 3.4. The
figure also shows various property boundaries around WIPP for perspective, with the Exclusive

Use Boundary Area used in regulatory compliance. The ‘x’ is the release point.

The code simulated a source of 15 mCi/yr and 16 mCi/yr for the meteorological data years of
1997 and 1998, respectively. The modeling philosophy was a trial-and-error approach to
backtrack the 10 mrem/yr dose to a MEI at the Exclusive Use Boundary, which occurred at the
southeastern corner of the site. This is the level established by NESHAPS for compliance of
chronic release. 15 mCi/yr is a relatively high source release. It is unlikely that routine releases

from normal operating procedures will exceed this value.

The most striking feature of the plume is its orientation. The wind direction is primarily from the
southeast, spreading the plume to the northwest across the site. Since the exhaust stack is located
in the southeast, the whole site can expect fumigation from the exhaust release. However, for
higher releases the location minimizes the dose to the public outside of the Exclusive Use

Boundary.

Further analysis with CAP88PC, by testing the sensitivity to certain parameters, reveals that the

exhaust stack configuration is the most sensitive parameter. The non-vertical stack at WIPP,
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Source: 15 mCilyr, 1997 Met Data
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Figure 3.2 CAP88PC Plume Using 1997 WIPP Meteorological Data.

Source: 16 mCi/yr, 1998 Met Data
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Figure 3.3 CAP88PC Plume Using 1998 WIPP Meteorological Data.




Source: 16 mCi/yr, 1999 Met Data
Property Protection
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Figure 3.4 CAP88PC Plume Using 1999 WIPP Meteorological Data

configured at a 45° angle with the opening of the stack facing the site, presents an interesting
problem. The momentum of the contaminant plume causes it to stay horizontal near the surface,
and not disperse into the upper atmosphere. By changing the configuration to a vertical stack of
the same height, the rising momentum of the plume pushes it upwards and disperses it
effectively, and reducing on-site doses. Using the same assumptions that were used in the above
example for Figure 3.2, the maximum dose to the MEI was less than 3 mrem/yr, at 100 m from
the source and outward. Bartlett (1993) recommended that a new exhaust stack at WIPP should
be modified from its original configuration to that of a vertical configuration. In 1996 another

slanted stack was constructed, despite the recommendation.

3.2 SAR Dispersion Calculation

The dispersion calculations conducted in the SAR for nonroutine, accident release scenarios
followed the format suggested in Nuclear Regulatory Guide (NRG) 1.145 "Atmospheric
Dispersion Models for Potential Accident Consequence Assessments at Nuclear Power Plants,"
Revision 1, November 1982 (NRC 1982). The guide suggests a site-specific relative

concentration (¥/Q) be determined based on atmospheric conditions of the site. For neutral (D)




or stable (E, F, or G) atmospheric stability conditions for windspeeds less than 6 m/s (3.1
knots) the x/Q value should follow the procedure described below.

1
[Q=—= 7
1/Q U, (16,0, +A/2) M
IR — ®)
x _U—w(37tcrycz)
/Q 1 ©
X =
Uw(n:Ech)
where,

%/Q = relative concentration (s/m’)

U,, = windspeed (m/s) at 10 m above surface

o, = lateral plume spread (m), a function of atmospheric stability and distance

o, = vertical plume spread (m), a function of atmospheric stability and distance

2, = lateral plume spread with meander and building wake effects (m), a function of
atmospheric stability and distance. For 800 m and less: Z, = Mo, where M is a
correction factor determined from a lookup chart. For greater than 800 m:
Z, = M-1)o 50 + Oy

A = vertical plane cross-sectional area of release vent (m?).

%/Q should be calculated using all three equations. The values from Equation 7 should be
compared to Equation 8, and the largest value selected. The result is then compared to
Equation 9 and the smallest value selected. o, and &, are computed based on lookup charts in
NRG 1.145 and are reproduced in Appendix G along with the lookup chart for M. For all

other stability classes (A, B, and C) and windspeeds, the maximum %/Q from Equation 7 and
Equation 8 should be used.
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The SAR reported a ¥/Q value of 5.11x10? at 100 m for conditions of stability class F,

windspeed =1.5m/s, o, = 4.62m,0, =225m M =4m, and A=117 m?. The SAR

stated,

Consistent with DOE-STD-3009-94 and its draft appendix, the values for atmospheric
conditions: Stability F, 4.9 ft/s (1.5 m/s) (wind speed and stability are assumed to
remain constant in the direction of the receptor), were chosen due to the lack of reliable
recorded WIPP specific meteorology data. Future SAR annual updates will include this
analysis when data becomes available.

Hence, given the lack of reliable data, the SAR arbitrarily assumes Stability Class F.

It should be noted, however, that meteorological data at WIPP are reliable, and a new %/Q
should be determined based on these data. Figure 3.5a and 3.5b demonstrates how the
reduced, onsite meteorological data would appear on a probability of exceedance graph, also
known as a risk curve. The data was parsed into each stability class and ranked according to
windspeed. Figure 3.5a shows the probability of exceedance for the windspeeds for the three
stability classes of most interest: D, F, and G. To use the graph, find the desired probability
level on the ordinate axis. Draw a horizontal line to the stability class of interest. Where
these two lines intersect, draw a vertical line to the abscissa. The windspeed value on the
abscissa will indicate that there is the chosen probability chance that the windspeed will be
above this value. As an example, a line is drawn to the stability class D at the 75% probability
of exceedance level. The windspeed corresponding to this probability is 2.42 m/s. Hence,
there is a 75% probability that the recorded windspeed for stability class D is greater than 2.42
m/s.

Similarly, the x/Q graph of Figure 3.5b can be used to determine the probability of exceedance
of various air dispersion values. The y%/Q was calculated at 100 m from the source. Using the
same technique described above, a 75% probability for stability class D indicates a log %/Q of

-3.07, or a 75% chance that the %/Q is 8.51x10™ s/m® or greater. A 75% y/Q is obtained
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from the 25% windspeed category due to the inverse relationship between windspeed and %/Q.

Table 3.3 lists the 50%, 75%, and 95% windspeed values for stability classes D, F, and G

along with their corresponding 1-probability (complementary) %/Q values.

Probability of Exceedance (>x)

Probability of Exceedance (>x)

(a)

e
\ -

. *~
0.1 ~.

. 1 ”g‘ ~ .

0- i242 G¥F::=‘ ; D‘:.‘..-‘r
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Figure 3.5. Probability of exceedance curves for a) windspeed and b) x/Q at 100 m for the
time period of September 1996 to February 2000.
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Table 3.3 Windspeed and x/Q Values at 100 m from Source from Figure 3.5a and 3.5b

Stability Class | Probability of | Windspeed | y/Q (s/m*x10*
Exceedance (%) | (m/s) (1-probability in percent)
D 50 4.07 1.27 (50%)
D 75 2.42 1.72 (25%)
D 95 1.17 3.15 (5%)
F 50 2.05 3.60 (50%)
F 75 3.06 4.07 (25%)
F 95 0.83 9.18 (5%)
G 50 3.17 7.17 (50%)
G 75 2.27 7.85 (25%)
G 95 1.00 12.5 (5%)

In addition to the above regulations and standards, the DOE G 151-1.1 (DOE 1997b) for
Hazards Surveys and Hazards Assessments suggests that two sets of dispersion calculations be
conducted: 1) a 95 percent worst case scenario, which would include Stability Class F and
wind speed of 1 m/s if such conditions have not been assessed for the site, and 2) a typical
scenario, which would include Stability Class D and wind speed of 4.5 m/s if a typical

condition has not been assessed for the site.

Since qualified meteorological data have been gathered for the WIPP site, it is suggested that
for the worst case scenario, Stability Class G with wind speed of 1.00 m/s be used. However,
EEG recognizes that the DOE does not use Stability Class G, and that Stability Class F is the
most stable wind class considered. In this case, the 95% worst case windspeed for Stability
Class F is 0.813 m/s, as shown in Table 3.3. The %/Q for the 95% worst case is 9.18x10?
s/m*>. For the typical case described in DOE G 151-1.1, it is unclear which probability level
should be used. ‘Due to safety considerations by taking a risk-adverse perspective, typical
meteorological conditions could be represented by the 75% probability of exceedance for

Stability Class D. The /Q for this probability level is 1.72x107 s/m’.

The guidance document DOE G 151-1.1 is used to help facilitate DOE Order 151-1.1 (DOE

1995) for emergency preparedness, planning, readiness assurance, response, and recovery
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actions. Emergency preparedness guidelines state that a radioactive dose should be less than

the Protective Action Guidance (PAG) at 30 m or beyond. The PAG limit is 5 rem.

As an example of where actual meteorological data may change procedures for emergency
preparedness, an unmitigated (without invoking HEPA filtration) underground drum drop
(scenario CH9 in the SAR) CEDE dose would be changed from 3.8 rem to 5.2 rem for a 95%
worst case by using meteorological data of Table 3.3. The dose value of 3.8 rem is from the
WIPP Emergency Management Program, WP-12, Rev. 13, Appendix 3, Table 6.3
(Westinghouse 1999). The dose was calculated at 100 m from the exhaust shaft. In this

example, emergency preparedness procedures would have to be in place.

3.3 Hanford’s GXQ Model

GXQ v. 4.0 (Hey 1994) is a Gaussian straight-line model for both instantaneous and
continuous release mechanisms for calculating the atmospheric dispersion from site specific
meteorological data. GXQ can model plume meander, building wake effects, plume depletion,
gravitational settling, and plume rise. The code was developed specifically for radiological

releases at Hanford, but can be adapted to any site.

GXQ employs many different types of models to calculate the various aspects of plume
transport. For example, two models are available to account for building wake effects: 1)
NRC Regulatory Guide 1.145 model (as described above) and 2) MACCS (MELCOR
Accident Consequence Code System) model (Hey 1994). The user has the option of choosing
no wake effect, or from one of the two models listed. Plume meander is another example of

multiple models used in assessing %/Q, in which any one of three models can be chosen.

Meteorological data input is through a joint frequency distribution, and is set up similarly to
the STAR format in Table 3.2. The joint frequency distribution allows for more flexible
categories of wind speed and wind stability classes than the STAR format. GXQ also has the
option of modeling in a single sector (wind direction), all sectors, or an average of all sectors

combined. The NRC Regulatory Guide 1.145 stipulates that an average %/Q for all sectors
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should be used in assessing the site’s 5% overall /Q. The 5% overall ¢/Q refers to the y/Q
that is exceeded no more than 5% of the time (for the data set), and is determined by
constructing a cumulative probability distribution function (CDF) by plotting the 3/Q versus
probability of being exceeded. This is a built-in procedure for GXQ.

The WIPP Safety Analysis Team will be using GXQ in the future to determine the air
dispersion coefficients for the SAR, and a draft report documenting their procedures with the
code has been issued (Faulk 2000). The purpose of this exercise with GXQ, therefore, will be
to verify the reproducibility of the joint frequency table and y/Q used by the WIPP Safety
Analysis Team, and to show the sensitivity of the model by using more stable wind class
assumptions and by varying other key parameters. As mentioned above, DOE uses Stability

Class F as the most stable wind class.

The joint frequency table from Faulk (2000) used 16 wind directions, 6 stability classes (A
through F), and 8 wind speed categories (in m/s): 0-0.45, 0.45-1, 1-3, 3-6, 6-8, 8-10, 10-13,
13-greater. The raw meteorological data for the table in Faulk (2000) spanned from
September 1, 1996 to October 25, 1999. Appendix H shows the joint frequency table created
by EEG for confirmatory modeling. Appendix H also lists the input file used for running
GXQ with the important parameters replicated in Table 3.4.

Table 3.4 Listing of Input Parameters for GXQ

Variable Confirmatory | Case 1 Case 2 Case 3
Stability Classes A-F A-G A-G A-G
Data Range 9/96 - 10/99 9/96-2/00 9/96-2/00 9/96-2/00
Release Height (m) 0 0 0 0
Initial Plume Width (m) 27 27 27 27
Initial Plume Height (m) 7 7 7 7
Initial Plume Flow Rate (m®/s) 1 1 125 1
Distance to Source (m) 100 100 100 1000
1/Q (s/m’) at 5% Exceedance 4.53x10° 1.27x10% 1.27x10? 2.61x10*




Table 3.4 shows that for the confirmatory modeling case, the x/Q value of 4.53x10° s/m® is
the same as presented in Faulk (2000). In addition, three other cases were run testing the
sensitivity to increased wind stability (less mixing), plume flow rate, and the distance from the

source to the receptor. These cases are also shown in Table 3.4.

The first case (Case 1) was modified from the confirmatory case by restructuring the joint
frequency table to include Stability Class G and a few additional months of data. The ratio of
%/Q from Case 1 to the confirmatory is about 2.8, which is not a very large difference
considering the great uncertainty in estimating the meteorological conditions at WIPP during
an actual accident. The value of x/Q from GXQ for Case 1 (12.7x10%) also compares very
well with the 95% probability (5% exceedance) for Stability Class G of Table 3.3 (12.5x10%).
The difference between the two are negligible. However, the %/Q difference between the

confirmatory case (4.53x10™) and 95% probability for Stability Class F of Table 3.3 (9.8x107)

is a factor of 2. This discrepancy is due to the %/Q ranking of all stability classes in GXQ
versus ranking of a single stability class in Table 3.3.

Case 2 was derived by considering the plume’s exit flow rate as represented in the
confirmatory case. Realistically, the plume will be exiting the exhaust shaft at a much higher
rate than 1 m’/s, given that the yearly average of underground mine ventilation must maintain a
rate of 125 m’/s (265,000 cfm). Case 1 was modified to test this parameter, and the results
show that the code is insensitive to changes in plume exit flow rate. Table 3.4 shows the x/Q

value between Case 1 and Case 2 did not change.

Case 3 tested the sensitivity of the location of the receptor by changing the longitudinal
distance between the source and the receptor. The distance was increased to 1000 m and the

results show that the y/Q value decreases by a factor of approximately 50.

As an added convenience of running GXQ, an option of creating a cumulative distribution

function (CDF) of %/Q can be turned on in the input file. The CDF, similar to the probability
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Figure 3.6. Cumulative distribution functions derived from GXQ for a) the confirmatory case,
b) Case 1, and c¢) Case 3.

of exceedance curve of Figure 3.5, shows the probability of %/Q being less than the value
indicated on the abscissa. The probability of exceedance is actually a complementary
cumulative distribution, or 1-CDF. The CDF for the four cases of Table 3.4 can be seen in

Figure 3.6a through 3.6¢, with Case 1 and Case 2 having an identical CDF.

3.4 Air Dispersion Modeling in the WIPP RCRA Application

For the RCRA Subpart B application (DOE 1997a), the DOE calculated the air dispersion
factor (ADF) for releases of hazardous waste in risk calculations. The air dispersion factor,
which is similar to ¥/Q, was calculated using the EPA’s Industrial Source Complex - Long

Term Dispersion Model or ISCLT3 (EPA 1995). The code actually calculates the
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concentration of the source at discrete locations, but values can be normalized to the source

term to calculate the ADF by
ADF = C/C, 6)
where,

C is the ISCLTS3 calculated concentration at discrete nodes

C, is the source concentration

The EPA has specific requirements related to the ISCLT3 model calculations, and should

include

1) estimate annual average concentrations using ISCLT3

2) use five years of preferable on-site meteorological data, evaluate one year at a time,
and use the run that produces the maximum boundary conditions

3) include receptor up to 100 meters beyond the unit boundary to verify that the
maximum concentration occurs at the boundary

4) include a fine resolution grid in the maximum concentration area

5) use Cartesian grid

6) correct for the vertical wind profile if the source is at ground level

7) specify receptor heights at 1.5 m

A receptor is a person receiving the inhalation hazard.

For the WIPP site calculations conducted for the RCRA permit, no EPA approved
meteorological data existed, despite the onsite meteorological monitoring program. Approval
is determined by completeness of the monitoring, which must be at least 90%, and various
other objectives which are stated in ANSI/ANS-2.5-1984 “Standard for Determining
Meteorological Information at Nuclear Power Sites” (ANSI-ANS 1984). The most complete
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data set for the site was for year 1993 with 70% coverage, with other years only having
approximately 50% coverage. As discussed in Chapter 2, the meteorological data did not have
the benefit of a well sited meteorological tower until September 1996. The RCRA Subpart B
(Revision 6) application was submitted in 1996. The gap was largely filled using climatic data

from the city of Carlsbad for years 1990-1994.

Since three complete years of WIPP meteorological data does fall under EPA approval
guidelines, the ISCLT3 model was rerun to include the data from the WIPP site for the later
years and compared to the model submitted in the RCRA application. The model used the
same input parameters as discussed in Appendix D-10 of the application, with the exception of

gridding coordinate discretization and of course meteorological data.

The RCRA application used four points to assess the risk to the public from a hazardous waste
release. For comparison with the present model, only two points will be used — the WIPP Site
Boundary and the WIPP Property Protection Boundary. A third point, the maximum ADF,
was also included for interest. The two additional points presented in the RCRA application-

Livingston Ridge Allotment and Antelope Ridge Allotment - were not evaluated.

The results of the new modeling effort can be seen in Figures 3.7 through 3.10. Figure 3.7 is
the outcome from course receptor grid with 1997 meteorological data showing the complete
WIPP Site Boundary and various other boundaries for perspective. This run used a 400m x
400m grid. Figure 3.8 shows a fine-scaled grid of 25m x 25m, for the 1997 data. The onsite
building schematic is used as an overlay for perspective. Figures 3.9 and 3.10 show the 1998
meteorological data for the course and fine discretization, respectively. Meteorological data

for 1999 can be modeled in the same manner.

The heart of the modeling presented in Figures 3.7 through 3.10 was to compare the results at
specific locations to that in the RCRA application. Table 3.5 lists the results from both efforts.

In general, the two sets of model calculations produce the same results at the WIPP Site




Boundary. Appendix I shows the contoured results from the RCRA application for

comparison.

The Property Protection Boundary shows a larger deviation in values. Use of the 1998

meteorological data results in a five-fold increase in the ADF. The 1997 data yields an ADF

three times greater. The differences are similar for the maximum ADFs.

Table 3.5 ADFs at WIPP Site Locations

Model WIPP Site WIPP Property Maximum ADF
Boundary Protection Boundary

RCRA Application | 1.2x10* 4x10° 1.2x10

New - 1997 Data 1x10* 1x107 5.2x10?

New - 1998 Data 1x10* 2x107 4.3x107

The results from modeling the ADF with new onsite meteorological data from 1997 and 1998

show that the new data are more conservative. However, the EPA’s acceptable risk is several

orders of magnitude greater than the calculated risk from the RCRA permit. Even with a 3- to

5-fold increase in the air dispersion factor, the facility remains in compliance with the permit.
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Figure 3.7 ADFs for 1997 WIPP Meteorological Data, Course Grid
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Figure 3.8 ADFs for 1997 WIPP Meteorological Data, Fine Grid
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Figure 3.10 ADFs for 1998 WIPP Meteorological Data, Fine Grid
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4.0 Electronic Access to WIPP Meteorological Data

EEG’s hosted website at www.rt66.com/~eeg contains the electronic format of the

meteorological data for downloading. Several formats of the data are available, including
generic STAR format for 1997 through 1999, CAP88PC WND format for 1997 through 1999,
ISCLT3 STAR format (which only includes stability classes A-F) for 1997 through 1999, and
daily precipitation data. When more meteorological data becomes available, other years will be

posted.

To access the data, click into the main page of EEG’s web site and choose ‘Data’ on the left-

hand-side menu. This should bring up the data web page for meteorological data, where any

format and year listed above can be downloaded.



5.0 Discussion

The meteorological data from WIPP was critically examined and reduced to evaluate ambient
conditions around the site and to estimate the reduction in contaminant concentration due to air
dispersion. A more disperse plume reduces contaminant concentration after the discharge of
actinides or hazardous chemicals from the underground. The dispersion was evaluated with
several numerical codes, which mainly assess the compliance with federal regulations. These

included:

1) CAPP88PC which calculated chronic (continuous) release dose from drums disposed
underground.

2) The NRC Regulatory Guide 1.145 which calculated the air dispersion factor from acute
releases of radioactivity during proposed accidents.

3) GXQ which also calculated the air dispersion factor from acute releases of radioactivity.

4) ISCLTS3 which calculated the relative concentration factor for acute releases of hazardous

chemicals.

CAP88PC was used to assess the dose from a release of radioactivity during routine operations
to a maximally exposed individual at the regulatory boundary (Exclusive Use Area). With WIPP
meteorological data used as the independent variable, approximately 15 mCi/yr of 2*Pu is
needed to exceed the 10 mrem/yr regulatory limit for NESHAPS. This would require a relatively

large release from the repository underground.

The relative concentration factors were also recalculated with site-specific data to compare with
previous values computed in the SAR and RCRA Subpart B application. Each document relied
largely on climatic data for the city of Carlsbad which is 40 km (26 mi.) to the west. The results
showed that in the SAR’s latest revision y/Q was slightly less than calculated in this report.
However, the study in this report assumed a wind Stability Class G, while the SAR used a
Stability Class F. Future revisions of the SAR should include a quantification of uncertainty,
which would most likely capture the value calculated in this report, which is only 1.8x that of the
SAR at 100 m for the 95% probability (5% exceedance as shown in Table 3.3).
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The National Council on Radiation Protection and Measurement (NCRP) also comments on the
screening techniques and uncertainty in models when determining compliance with
environmental standards (NCRP 1989; 1993). Model uncertainty was evaluated and the main
components of model errors were identified as data input, stochastic fluctuations in the data,

model physical errors, and lack of knowledge or data.

The estimated uncertainty associated with data input, for example, between observed air
concentrations and predicted air concentrations (ratio) using the Gaussian dispersion model
ranged from 0.01 to 100 under specific conditions. Therefore, it would be desirable to capture
uncertainty using statistical methods by, say Monte Carlo analyses (IAEA 1989), to understand a
more complete range of release risks. The International Commission of Radiological Protection
(ICRP) also promotes probabilistic assessments to assess all potential pathways to a radiation

exposure (ICRP 1993), which would most certainly cover meteorological data.

The RCRA Subpart B application, revised in 1997, included air dispersion factors (ADF) to
evaluate risks from hazardous waste disposal at WIPP. The application used meteorological data
from neighboring Carlsbad, NM and incomplete data from WIPP. The incomplete data was from
1993, where only 70% of the data was captured. EPA and the draft ANSI/ANS-3.11
recommends at least 90% coverage. The numerical code used to assess the ADF was re-
examined with site specific data from 1997 and 1998. The results, shown in Figures 3.7 through
3.10, show the ADF factor to increase by a factor of 3 to 5, which subsequently increases the risk
by a factor of 3 to 5. However, the risks are so low compared to regulatory limits and to

radiological risks (Channell and Neill 1999), that the change is inconsequential.

These codes and results are not intended to assess the dispersion and consequently the dose
during an actual accident at WIPP, should one occur. The calculations of Section 3 show the
relevance of typical or worst case conditions to regulatory limits. As seen and summarized in
Section 2 and in the appendices, meteorological conditions can change quite dramatically from
day-to-day, month-to-month, or season-to-season. The conditions at the time and day of the
accident will most likely not be the same as those presented in these or other calculations.

Furthermore, NCRP Commentary No. 3 clearly specifies that the methods presented therein are



designed to be used for long-term releases, either intermittent or continuous, and should not be
used to calculate radionuclide air concentrations resulting from short-term accidental releases
(NCRP 1989). The NRC Regulatory Guide 1.145 suggests using the latest 1-hour average
(assume to span over two hours) meteorological conditions for short-term release conditions,

which would be taken from on-site measurements, making predictions impossible.
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6.0 Conclusions and Recommendations

The analyses presented in Section 3 leads to the following conclusions:

1) A very large release is needed to exceed NESHAPS limits, as modeled by CAP88PC. A
sustainable 15 mCi/yr release is the “breaking” flux of »*°Pu out of the exhaust stack to fail
compliance.

2) The use of the arbitrary meteorological conditions (Stability Class F, 1.5 m/s windspeed) in the
SAR is reasonable compared to actual data. Table 3.3 shows that the 95% probability of
exceedance (95% worst case) for the x/Q of Stability Class F is 9.18x10™ s/m’, compared to
5.11x107 s/m® presented in the SAR.

3) Incorporating a more stable wind class, Stability Class G, only increases the %/Q moderately.

4) The use of GXQ for determining the site-specific air dispersion coefficient was found to be a
useful tool. The code can present the results in a concise form (a CDF) and has many options.

5) Using site-specific meteorological data significantly changes the results of the air dispersion
factor as compared to the modeling conducted in the RCRA Subpart B application. However, the

risk factors are still below the EPA limits.
Several changes to the past air dispersion modeling methodologies are recommended:

1) Use site specific meteorological data for WIPP air dispersion modeling. This includes updating
previous reports where Stability Class F was arbitrarily chosen as the meteorological condition, as
in the WIPP Safety Analysis Report and the Emergency Preparedness Hazards Assessment.

2) Incorporate uncertainty into the air dispersion analyses. Presenting the data in a probability of
exceedance curve or a CDF will facilitate more meaningful uses of the data. For example,
confidence in y/Q will give rise to confidence in accident dose calculations.

3) In safety assessments, it is often the case that a risk-adverse philosophy is taken. It is therefore
recommended that the more stable wind class, Stability Class G, be used in future air dispersion
calculations. Table 2.2 shows that this wind class exists at WIPP approximately 21% of the time.

4) Allow public access to the meteorological data by publishing it on the WIPP web site.
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ADF
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ANSI
CCA
CDF
CEDE
CFR
CH
CMR
DOE
EEG
EPA
HEPA
IAEA
ICRP
LWB
MEI
NCRP
NESHAPS
NRC
PA
PAG
RCRA

SAR
TRU
WHB

8.0 List of Acronyms

Air Dispersion Factor
American Nuclear Society
American National Standard Institute

Compliance Certification Application

Cumulative Distribution Function

Committed Effective Dose Equivalent

Code of Federal Regulations

Contact Handled

Central Monitoring Room

U.S. Department of Energy

Environmental Evaluation Group

U.S. Environmental Protection Agency

High Efficiency Particulate

International Atomic Energy Agency

International Commission of Radiological Protection

Land Withdrawal Boundary

Maximally Exposed Individual

National Council on Radiation Protection and Measurement
National Emission Standards for Hazardous Air Pollutants
Nuclear Regulatory Commission

Performance Assessment

Protective Action Guide

Resource Conservation and Recovery Act

Remote Handled

Safety Analysis Report
Transuranic

Waste Handling Building
Waste Isolation Pilot Plant
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Figure 19. A group of large mounds at the base of a submerged ridge as
interpreted along survey line SL03. Smaller mounds and the
original stream channel are also detected.




Appendix A: Windspeed by Percentage

Class Distribution September 1996 October 1996 November 1996 December 1996
Percentage of 0-2 knots 3.54 3.46 4.48 534
Percentage of 2-4 knots 12.15 13.88 16.11 17.54
Percentage of 4-6 knots 22.43 21.84 20.45 21.88
Percentage of 6-8 knots 29.65 23.32 22.29 23.52
Percentage of 8-10 knots 20.38 14.35 11.01 14.11
Percentage of 10-12 knots 6.94 10.58 8.89 6.22
Percentage of 12-14 knots 1.56 6.42 8.16 4.87
Percentage of 14-16 knots 1.25 3.39 4.58 2.52
Percentage of 16-18 knots 1.15 1.24 2.50 1.28
Percentage of 18-20 knots 0.80 1.24 0.90 1.08
Percentage of 20-22 knots 0.07 0.27 0.42 0.84
Percentage of 22-24 knots 0.07 0.00 0.07 0.57
Percentage of 24-26 knots 0.00 0.00 0.14 0.24
Percentage of >26 knots 0.00 0.00 0.00 0.00
Table A.1

Class Distribution January 1997 February 1997 March 1997 April 1997
Percentage of 0-2 knots 5.51 1.50 3.49 2.71
Percentage of 2-4 knots 13.91 6.22 10.58 7.01
Percentage of 4-6 knots 20.83 12.32 17.27 12.19
Percentage of 6-8 knots 2423 45.12 19.46 17.85
Percentage of 8-10 knots 12.43 12.32 26.78 17.19
Percentage of 10-12 knots 8.64 10.99 9.63 16.39
Percentage of 12-14 knots 5.48 6.53 5.56 11.70
Percentage of 14-16 knots 3.02 345 2.31 573
Percentage of 16-18 knots 1.68 1.15 1.35 3.61
Percentage of 18-20 knots 1.61 0.26 1.21 2.60
Percentage of 20-22 knots 1.28 0.12 0.69 2.19
Percentage of 22-24 knots 1.21 0.03 0.69 0.52
Percentage of 24-26 knots 0.13 0.00 0.66 0.24
Percentage of >26 knots 0.03 0.00 032 0.07
Table A.2

Class Distribution May 1997 June 1997 July 1997 August 1997
Percentage of 0-2 knots 1.10 1.60 0.77 2.34
Percentage of 2-4 knots 6.63 9.10 6.22 10.09
Percentage of 4-6 knots 30.18 18.54 15.15 20.16
Percentage of 6-8 knots 19.52 17.92 27.02 27.42
Percentage of 8-10 knots 15.97 19.62 25.17 28.55
Percentage of 10-12 knots 12.63 15.10 15.66 7.90
Percentage of 12-14 knots 721 8.68 6.38 2.22
Percentage of 14-16 knots 2.65 5.00 2.08 0.75
Percentage of 16-18 knots 2.05 3.09 0.87 0.26
Percentage of 18-20 knots 1.30 0.66 0.34 0.29
Percentage of 20-22 knots 0.46 0.56 0.20 0.03
Percentage of 22-24 knots 0.20 0.07 0.10 0.00
Percentage of 24-26 knots 0.06 0.03 0.03 0.00
Percentage of >26 knots 0.06 0.03 0.00 0.00

Table A.3
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Class Distribution September 1997 October 1997 November 1997 December 1997
Percentage of 0-2 knots 3.05 2.79 551 5.81
Percentage of 2-4 knots 12.07 11.59 19.22 17.10
Percentage of 4-6 knots 19.48 19.69 2221 23.62
Percentage of 6-8 knots 40.89 25.00 25.81 18.95
Percentage of 8-10 knots 12.28 17.44 14.28 14.01
Percentage of 10-12 knots 7.98 10.75 7.49 7.09
Percentage of 12-14 knots 193 5.85 3.36 5.51
Percentage of 14-16 knots 0.49 2.69 0.81 3.26
Percentage of 16-18 knots 0.63 2.05 0.24 2.12
Percentage of 18-20 knots 0.65 1.31 0.44 0.87
Percentage of 20-22 knots 0.20 0.54 0.27 0.44
Percentage of 22-24 knots 0.26 0.20 027 0.60
Percentage of 24-26 knots 0.03 0.07 0.10 0.47
Percentage of >26 knots 0.00 0.03 0.00 0.13
Table A.4

Class Distribution January 1998 February 1998 March 1998 April 1998
Percentage of 0-2 knots 6.85 3.56 1.95 7.85
Percentage of 2-4 knots 16.90 14.30 8.37 792
Percentage of 4-6 knots 23.08 22.95 16.53 14.62
Percentage of 6-8 knots 21.20 20.11 18.11 16.91
Percentage of 8-10 knots 14.92 13.22 18.28 16.84
Percentage of 10-12 knots 7.69 6.93 11.96 9.65
Percentage of 12-14 knots 5.17 6.11 8.87 7.57
Percentage of 14-16 knots 222 4.13 6.85 542
Percentage of 16-18 knots 0.84 2.73 3.46 3.82
Percentage of 18-20 knots 0.54 2.55 1.34 2.57
Percentage of 20-22 knots 0.34 1.83 1.24 2.12
Percentage of 22-24 knots 0.20 1.26 1.18 2.08
Percentage of 24-26 knots 0.03 0.29 1.14 1.70
Percentage of >26 knots 0.00 0.04 0.71 0.94
Table A.5

Class Distribution May 1998 June 1998 July 1998 August 1998
Percentage of 0-2 knots 3.66 2.19 1.99 1.65
Percentage of 2-4 knots 1327 10.14 10.47 9.58
Percentage of 4-6 knots 20.90 16.91 2146 2224
Percentage of 6-8 knots 23.86 16.22 24.66 3343
Percentage of 8-10 knots 15.19 16.42 23.77 21.74
Percentage of 10-12 knots 7.06 13.78 9.06 6.55
Percentage of 12-14 knots 6.15 9.69 5.11 2.76
Percentage of 14-16 knots 3.76 6.56 1.67 1.01
Percentage of 16-18 knots 2.96 434 0.58 0.77
Percentage of 18-20 knots 1.08 2.50 0.49 027
Percentage of 20-22 knots 1.01 0.90 0.37 0.00
Percentage of 22-24 knots 0.74 0.17 0.20 0.00
Percentage of 24-26 knots 0.30 0.17 0.06 0.00
Percentage of >26 knots 0.07 0.00 0.12 0.00

Table A.6

56




Class Distribution September 1998 October 1998 November 1998 December 1998
Percentage of 0-2 knots 4.72 3.39 2.64 4.40
Percentage of 2-4 knots 10.03 11.09 12.01 16.33
Percentage of 4-6 knots 18.54 17.51 23.06 2497
Percentage of 6-8 knots 28.65 20.73 25.83 22.65
Percentage of 8-10 knots 20.10 19.39 19.48 14.52
Percentage of 10-12 knots 9.03 11.36 10.21 8.13
Percentage of 12-14 knots 545 7.29 3.37 4.07
Percentage of 14-16 knots 233 5.17 1.08 2.08
Percentage of 16-18 knots 0.97 2.55 0.59 128
Percentage of 18-20 knots 0.14 1.08 0.59 0.50
Percentage of 20-22 knots 0.03 0.27 0.17 0.50
Percentage of 22-24 knots 0.00 0.17 0.52 0.54
Percentage of 24-26 knots 0.00 0.00 0.28 0.03
Percentage of >26 knots 0.00 0.00 0.17 0.00
Table A.7

Class Distribution January 1999 February 1999 March 1999 April 1999
Percentage of 0-2 knots 4.54 432 228 1.98
Percentage of 2-4 knots 14.31 12.31 9.17 8.43
Percentage of 4-6 knots 2147 17.11 15.76 15.33
Percentage of 6-8 knots 21.98 19.23 17.74 17.27
Percentage of 8-10 knots 12.30 16.78 17.07 15.33
Percentage of 10-12 knots 9.61 11.16 14.78 10.85
Percentage of 12-14 knots 4.84 6.73 9.38 742
Percentage of 14-16 knots 3.19 5.92 7.86 6.60
Percentage of 16-18 knots 222 2.57 3.13 5.52
Percentage of 18-20 knots 2.05 1.30 1.78 3.99
Percentage of 20-22 knots 1.55 0.89 0.67 4.18
Percentage of 22-24 knots 0.81 1.04 0.17 2.01
Percentage of 24-26 knots 0.47 0.48 0.20 0.75
Percentage of >26 knots 0.67 0.15 0.00 0.34
Table A.8

Class Distribution May 1999 June 1999 July 1999 August 1999
Percentage of 0-2 knots 1.84 1.11 0.47 2.79
Percentage of 2-4 knots 6.72 7.78 4.54 12.84
Percentage of 4-6 knots 13.52 17.19 16.60 2298
Percentage of 6-8 knots 30.59 21.22 25.07 29.54
Percentage of 8-10 knots 15.48 20.73 20.87 18.75
Percentage of 10-12 knots 10.52 13.92 14.89 8.30
Percentage of 12-14 knots 7.21 7.60 8.33 3.26
Percentage of 14-16 knots 5.28 493 4.77 091
Percentage of 16-18 knots 3.43 3.19 2.99 0.17
Percentage of 18-20 knots 2.36 1.35 1.18 0.17
Percentage of 20-22 knots 1.24 0.69 0.24 0.17
Percentage of 22-24 knots 0.61 0.21 0.07 0.10
Percentage of 24-26 knots 0.35 0.03 0.00 0.03
Percentage of >26 knots 0.86 0.03 0.00 0.00

Table A.9




Class Distribution September 1999 October 1999 November 1999 December 1999
Percentage of 0-2 knots 3.02 4.44 4.64 5.44
Percentage of 2-4 knots 12.43 12.90 15.69 15.96
Percentage of 4-6 knots 2448 19.35 22.54 2295
Percentage of 6-8 knots 23.13 2597 28.95 22.61
Percentage of 8-10 knots 14.17 18.04 19.02 13.94
Percentage of 10-12 knots 11.35 8.94 4.17 7.73
Percentage of 12-14 knots 6.08 4.00 2.51 3.60
Percentage of 14-16 knots 3.13 2.79 0.73 2.59
Percentage of 16-18 knots 1.35 1.24 0.35 225
Percentage of 18-20 knots 0.73 1.28 0.50 1.41
Percentage of 20-22 knots 0.07 0.77 0.81 0.60
Percentage of 22-24 knots 0.00 0.20 0.08 047
Percentage of 24-26 knots 0.00 0.07 0.00 0.20
Percentage of >26 knots 0.07 0.00 0.00 0.24
Table A.10

Class Distribution January 2000 February 2000

Percentage of 0-2 knots 5.82 3.13

Percentage of 2-4 knots 15.88 11.49

Percentage of 4-6 knots 21.37 18.82

Percentage of 6-8 knots 21.53 20.04

Percentage of 8-10 knots 13.83 17.96

Percentage of 10-12 knots 7.17 10.17

Percentage of 12-14 knots 5.52 8.26

Percentage of 14-16 knots 3.40 395

Percentage of 16-18 knots 2.56 1.33

Percentage of 18-20 knots 1.28 147

Percentage of 20-22 knots 0.94 1.36

Percentage of 22-24 knots 0.44 1.08

Percentage of 24-26 knots 0.17 0.68

Percentage of >26 knots 0.10 0.25

Table A.11
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Appendix B: Dai]y Temperatures Date  Min(C) Avg(C) Max (C) Min(F) Avg(F) Max(F)

10/8/96 143 179 247 577 64.2 76.5

Date Min (C) Avg(C) Max (C) Min (F) Avg(F) Max(F) 10/9/96 13.1 22.1 309 55.5 71.7 87.7
o196 183 247 315 650 764 £8.8 10/10/9 138 205 285 568 689 833
o296 197 255 334 6.8 8.0 92 101196 153 238  33.0 596 749 91.5
9/3/96 188 43 303 65.8 757 86.5 10/12/96  15.3 233 323 59.5 74.0 90.1
9/4/96 183 23.6 295 64.9 745 85.1 10/13/96  16.2 22.8 31.0 61.1 73.1 878
9/5/96 17.1 227 29.1 62.8 7.8 843 10/14/96 14.0 21.6 30.5 57.3 70.9 87.0
o696 174 135 296 63.4 743 852 10/15/96 13.5 208 276 564 695 81.7
9/7/96 18.8 216 302 65.9 74.5 86.3 10/16/96  13.9 214 28.8 57.0 70.4 83.8
9/8/96 17.6 234 202 63.8 74.1 84.6 10/17/96  13.0 20.0 252 55.4 68.0 774
9/9/96 189 242 302 65.9 75.5 86.4 10/18/96 5.3 12.0 18.1 41.5 53.6 64.5
o096 177 232 294 63.8 737 84.9 10/19/96 9.0 178 273 482 640 81.1
9/11/96 184 203 251 652 68.5 772 102096 112 187 253 522 656 775
912/96 158 171 190 60.5 62.8 66.3 10221196 13 8.0 13.1 343 46.3 55.5
9/13/96 165 182 223 61.8 64.8 72.1 10/22/96  -1.8 6.3 14.0 28.8 43.4 57.2
o146 162 177 196 611 3.9 613 102396 1.7 108 188 350 515 65.8
9/15/96 147 208 272 58.5 69.4 80.9 10724/96 8.6 152 232 47.4 59.4 73.8
9/16/96 15.1 21.9 279 592 71.4 221 10/25/96 83 16.7 23.7 46.9 62.0 747
01796 175 242 304 684 756 06.8 10126/96 6.8 156  23.5 443 60.0 744
9/18/96 170 234 301 62.6 742 86.1 10127/96 4.8 96 200 406 494 68.0
9/19/9 133 213 270 56.0 703 80.5 10128/96 5.1 7.6 10.8 41.1 45.7 51.5
92096 13.1 214 281 55.6 70.5 82.5 10129/96 8.5 137 202 413 56.6 683
921/96 124 218 295 54.4 71.2 85.1 10/30/96 5.4 150 244 417 59.0 75.8
92296 165 244 325 61.8 76.0 90.5 103196 150 194 273 59.0 67.0 81.1
9/23/96 178 249 318 64.0 76.7 89.2 11179 54 8.3 14.0 417 47.0 57.1
924/96 189 202 219 66.0 68.3 714 11729 12 8.9 15.0 34.1 48.0 59.0
9/25/96 159 230 300 60.5 734 85.9 1139 87 123 176 417 54.2 63.7
9/26/96 18.0 23.0 28.6 64.5 73.4 83.5 11/4/96 5.0 13.5 21.1 41.0 56.3 70.0
907196 92 133 209 485 56.0 69.5 11/596 8.1 156 222 467 601 71.9
9/28/96 6.4 139 216 43.6 57.1 70.9 11/6/% 63 156 220 433 60.0 71.6
9/29/96 9.5 170 253 49.0 62.6 715 /7% 2.3 11 171 36.1 50.2 62.8
93096 110 172 260 51.8 63.0 78.7 11/8/96 2.7 8.8 14.5 369 478 58.0
10196 112 209 308 522 69.6 87.5 119/ 22 121 213 36.0 53.7 70.3
102/96 132 214 315 55.7 70.5 88.8 1171006 6.7 154 233 44.0 59.7 74.0
10396 117 151 196 530 592 673 196 7.1 149 251 448 5838 772
10/4/96 14.1 17.5 215 573 63.4 70.8 11/12/96 5.7 13.2 20.7 2.3 55.7 69.3
10/5/96 155 186  23.7 600 654 74.7 113me6 102 155 238 504 60.0 74.8
10/6/96 124 195 269 544 67.0 80.5 1171496 101 161 240 50.2 60.9 752
0796 136 206 282 56.5 €01 827 111596 118 162 213 533 61.1 70.4
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Date
11/16/96
11/17/96
11/18/96
11/19/96
11/20/96
11/21/96
11/22/96
11/23/96
11/24/96
11/25/96
11/26/96
11/27/96
11/28/96
11/29/96
11/30/96

12/1/96
12/2/96
12/3/96
12/4/96
12/5/96
12/6/96
12/7/96
12/8/96
12/9/96
12/10/96
12/11/96
12/12/96
12/13/96
12/14/96
12/15/96
12/16/96
12/17/96
12/18/96
12/19/96
12/20/96
12/21/96
12/22/96
12/23/96
12/24/96

Min (C) Avg(C) Max (C)

7.8
3.0
6.0
10.2
133
7.8
5.1
438
1.3
-0.4
0.6
-3.3
1.9
23
3.0
-14
32
-1.5
1.7
-0.3
10.7
8.1
53
8.0
12.2
11.8
6.7
1.7
72
-3.1
-5.3
-8.6
-12.9
-11.0
-5.6
20
53
6.6
-4.6

15.2
103
14.8
19.2
211
16.2
113
13.7
48
7.7
52
0.6
28
7.9
55
5.6
9.2
6.4
9.5
10.8
16.4
13.7
12.7
15.7
17.5
17.4
13.7
14.2
135
3.0
43
34
=72
-2.4
2.9
101
14.0
125
18

i5.
17.3
23.6
29.2
30.5
232
20.3
209
11.2
16.6
11.5
36
37
14.2
9.3
14.7
15.7
12.7
189
19.9
21.0
18.3
215
255
220
226
19.8
218
223
7.0
14.9
53
2.9
6.2
12.2
18.4
216
16.6
7.6

Min (F)

A
46.1

373
428
50.3
559
46.0
412
40.7
344
313
33.0
26.0
354
36.1
373
29.5
378
29.3
351
314
51.3
46.6
415
46.4
53.9
532
44.1
45.8
45.0
26.3
2.5
16.5
88
122
22.0
355
41.6
43.8
23.8

Avg (F)

£0 1
J7.a

50.6
58.7
66.6
69.9
61.2
523
56.6
40.7
459
41.3
33.0
37.0
46.2
420
421
485
43.5
49.1
515
61.5
56.6
549
60.3
63.5
63.2
56.6
57.6
56.2
374
39.8
25.8
19.0
2717
37.1
502
572
54.6
353

Max (F)

872

G/

63.1
74.6
84.6
87.0
73.8
68.6
69.6
52.1
61.9
52.7
384
38.7
57.6
48.7
58.5
60.3
54.9
66.0
67.8
69.9
65.0
70.6
71.8
71.6
72.7
67.6
71.2
72.2
44.6
58.9
41.5
26.7
432
54.0
65.0
70.9
61.8
45.7
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Date
12/25/96

L2170

12/26/96
12/27/96
12/28/96
12/29/96
12/30/96
12/31/96
1/1/97
1/2/97
1/3/97
1/4/97
1/5/97
1/6/97
1/7/97
1/8/97
1/9/97
1/10/97
1/11/97
1/12/97
1/13/97
1/14/97
1/15/97
1/16/97
1/17/97
1/18/97
1/19/97
1/20/97
1/21/97
1/22/97
1/23/97
1/24/97
1/25/97
1/26/97
1/27/97
1/28/97
1/29/97
1/30/97
1/31/97
2/3/97

Min (C) Avg(C) Max (C)

-1.9
24
54
8.0
4.5
34
2.6
83
8.0
10.8
94
03
-5.0
-4.9
-4.5
-4.8
-1.9
-7.4
-10.1
-11.4
9.5
-6.8
2.0
-5.7
-4.4
1.6
5.6
6.0
3.6
6.0
53
1.4
9.9
-0.4
-6.5
2.1
-2.9
44
8.8

3.0
11.1
12.6
14.1
118
11.1
9.7
14.7
153
17.8
13.2
5.6
-2.4
-3.8
2.8
1.7
1.7
-3.1
-8.3
-9.9
-6.9
3.0
1.8
1.0
38
7.4
11.3
12.0
10.6
12.4
109
11.9
14.6
9.3
0.6
4.7
6.8
124
15.6

84
20.4
20.7
18.1
18.7
19.1
18.1
22.6
23.5
24.6
18.9
10.8

02
-2.5
-0.9

9.0

6.3

1.1
-6.9
-8.4
2.6
11.0
6.9
9.0
13.3
13.4
18.4
18.8
16.2
18.0
15.7
20.5
19.0
173
6.9
12.6
154
23.6
20.5

Min (F)
2128

L8.2

36.3
417
46.5
40.1
38.1
36.7
469
463
515
489
325
229
232
239
23.4
28.5
18.8
13.9
114
14.9
19.8
28.4
21.7
24.2
348
420
428
385
42.8
41.6
34.5
49.8
313
20.2
28.2
26.9
40.0
47.8

Avg (F)
374
52.0
54.7
57.4
53.2
52.0
49.5
584
59.5
64.0
55.8
42.0
27.6
252
27.0
350
35.1
26.4
17.0
142
19.6
374
352
33.9
389
453
52.3
53.7
51.0
54.3
51.7
53.5
58.2
48.8
33.0
40.5
443
544
60.0

Max (F)
47.1
68.6
69.3
64.6
65.7
66.3
64.5
72.7
74.4
76.2
66.0
51.5
323
27.5
30.3
482
433
34.0
19.6
16.9
27.4
517
44.4
48.2
55.9
56.1
65.0
65.8
61.1
64.4
60.2
68.8
66.2
63.2
44.4
54.6
59.7
74.5
69.0




Date
2/4/97
2/5/97
2/6/97
2/7197
2/8/97
2/9/97

2/10/97
2/11/97
2/12/97
2/13/97
2/14/97
2/15/97
2/16/97
2/17/97
2/18/97
2/19/97
2/20/97
2/21/97
2/22/97
2/23/97
2/24/97
2/25/97
2/26/97
2/27/97
2/28/97
3/1/97

3/2/97

3/3/97

3/4/97

3/5/97

3/6/97

3/7197

3/8/97

3/9/97

3/10/97
3/11/97
3/12/97
3/13/97
3/14/97

Min (C) Avg(C) Max (O)

2.8
23
1.6
0.8
-2.5
2.3
2.9
1.3
1.0
-0.6
-34
1.4
35
4.8
3.6
6.7
4.8
23
-0.6
1.1
-1.9
2.8
-4.0
-0.5
5.7
2.6
-1.4
6.5
11.2
-0.2
0.1
6.5
9.8
10.8
2.3
9.3
1.7
94
32

7.9
54
44
39
1.4
0.7
34
6.7
29
0.3
36
9.2
11.0
12.1
134
89
10.6
6.1
4.9
6.4
24
-1.0
35
7.6
11.1
7.3
7.8
15.5
17.6
8.1
8.8
14.2
15.6
14.8

C 127

14.5
157
19.1
6.3

12.1
89
8.1
8.0
7.5
6.6
12.7
16.0
6.1
1.7
104
16.8
17.9
19.8
20.3
12.7
19.6
1.7
10.0
11.3
6.6
0.0
104
16.1
17.3
10.4
16.5
242
244
13.9
15.9
228
23.0
19.6
203
232
23.0
278
10.5

Min(F) Avg(¥)

37.1
362
349
334
275
279
26.7
343
339
310
26.0
345
384
40.7
474
44.0
40.6
36.1
31.0
34.0
28.6
27.0
247
312
4273
36.7
295
43.7
521
316
322
43.6
49.6
51.5
36.2
48.7
458
49.0
37.7

46.2
41.7
40.0
39.0
346
332
38.1
44.0
373
326
38.5
48.5
519
53.7
56.1
48.0
511
43.0
409
43.5
36.2
30.1
382
45.6

52.0

452
46.1
59.9
63.7
46.5
478
575
60.0
58.7
54.8
58.2
60.3
66.4
433

Max (F)
53.7
48.1
46.6
46.3
45.4
439
54.8
60.8
43.0
35.1
50.7
622
64.2
67.6
68.5
54.8
67.2
53.0
50.0
52.3
440
32.0
50.7
60.9
632
50.7
61.8
75.6
75.9
57.1
60.6
73.0
73.4
67.3
68.5
73.8
733
82.0
50.8
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Date
3/15/97
3/16/97
3/17/97
3/18/97
3/19/97
3/20/97
3/21/97
3/22/97
3/23/97
3/24/97
3/25/97
3126/97
3/27/97
3/28/97
3/29/97
3/30/97
3/31/97

4/1/97
4/2/97
4/3/97
4/4/97
4/5/97
4/6/97
4/7/97
4/8/97
4/9/97
4/10/97
4/11/97
4/12/97
4/13/97
4/14/97
4/15/97
4/16/97
4/17/197
4/18/97
4/19/97
4/20/97
4/21/97
4/22/97

Min (C) Avg(C) Max (C)

0.4
38
6.8
11.6
25
9.5
9.5
9.4
9.2
12.0
43
49
4.9
134
82
L5
6.1
15
119
135
72
8.6
6.7
9.2
2.7
2.1
5.7
-1.5
-3.2
-1.4
3.0
7.6
9.7
120
10.2
9.3
133
16.1
10.0

8.1
12.1
17.2
16.9
13.5
18.9
222
16.0
18.0
19.3
9.8
9.6
14.6
19.3
183
9.7
10.8
13.6
17.8
15.7
11.9
14.0
13.5
159
12.0
6.4
18.5
4.0
35
5.6
12.0
17.0
16.2
159
12.8
18.6
228
24.4
16.7

17.2
223
271
20.4
21.8
26.6
303
21.7
26.6
25.6
16.3
15.1
227
263
26.2
16.8
16.0
316
25.5
19.9
15.2
20.3
19.8
232
220
12.3
27.5
10.5
10.5
12.5
20.6
25.4
225
21.0
17.1
219
303
30.2
233

Min (F) Avg (F)

328
38.8
442
52.8
36.5
49.1
49.0
489
48.5
53.6
39.7
40.8
408
56.0
46.8
34.7
43.0
455
53.4
56.4
45.0
475
44.1
48.5
36.9
357
42.2
29.2
26.3
29.5
374
45.7
49.5
53.7
50.4
48.7
559
61.0
49.9

46.5
53.8
62.9
62.4
56.4
66.0
72.0
60.8
64.3
66.7
49.7
49.3
58.2
66.7
65.0
49.5
515
56.4
64.0
60.2
53.4
57.2
56.3
60.7
53.7
43.5
65.3
39.1
383
42.1
53.7
62.6
61.1
60.6
55.1
65.5
73.1
75.9
62.0

Max (F)
63.0
722
80.8
68.7
712
79.8
86.6
71.1
79.9
78.1
613
592
72.9
79.3
792
62.3
60.8
88.9
78.0
67.8
594
68.5
67.7
73.8
71.6
54.1
815
50.9
50.9
54.4
69.0
77.8
724
699
62.7
82.1
86.5
86.4
73.9




Date Min(C) Avg(C) Max(C) Min (F) Avg(F) Max () Date Min(C) Avg(C) Max (C) Min (F) Avg(F) Max (F)
472397 1.0 155 207 517 598 69. 82/97 173 197 234 63.2 67.5 74.0
4/24/97 85 149 240 473 58.7 75.2 6/1/97 16.5 252 329 61.6 713 91.3
4/25/97 39 5.7 8.4 39.1 423 47.0 6/2/97 17.3 28.6 383 63.2 83.5 100.9
4/26/97 4.1 5.6 7.6 393 42.1 45.6 6/3/97 19.0 26.6 332 66.1 80.0 91.8
4/27/97 2.8 11.4 18.0 37.0 52,6 64.5 6/4/97 18.1 25.3 31.6 64.7 77.6 88.8
4/28/97 8.8 19.5 28.1 479 67.1 82.6 6/5/97 17.4 24.6 313 63.3 76.3 88.3
4/29/97 140 234 30.1 572 74.1 86.3 6/6/97 18.3 23.7 28.5 64.9 74.7 83.2
4/30197 154 21.1 25.6 59.7 69.9 78.1 6/7/97 15.8 21.0 26.2 60.5 69.9 79.1

512197 12.8 20.8 255 55.0 69.5 77.8 6/8/97 16.3 19.3 23.2 61.4 66.8 73.8

5/3/97 8.5 16.7 243 472 62.0 75.7 6/9/97 16.2 21.2 27.5 61.2 70.1 81.5

5/4/97 12.2 20.0 27.8 54.0 68.1 82.0 6/10/97 17.6 22.5 27.6 63.8 72.6 81.7

5/5/197 14.9 239 323 58.8 75.0 90.1 6/11/97 18.6 234 336 65.4 742 92.5

5/6/97 15.7 21.4 30.0 60.3 70.5 859 6/12/97 16.0 253 342 60.8 71.5 93.6

5/7/97 16.3 242 329 61.3 755 91.3 6/13/97 17.3 26.5 328 63.2 79.8 91.0

5/8/97 13.8 212 28.1 56.9 70.1 82.6 6/14/97 17.2 219 29.9 63.0 71.5 85.8

5/9/97 11.3 14.6 182 523 583 64.8 6/15/97 17.3 21.9 28.6 63.1 71.4 83.5
5/10/97 94 15.8 213 489 60.4 70.4 6/16/97 14.9 222 30.0 58.8 71.9 859
511197 126 18.3 24.8 54.7 64.9 76.7 6/17/97 13.0 23.0 31.3 554 73.4 884
5/1297 122 14.8 16.9 54.0 58.6 62.4 6/18/97 19.5 28.0 352 67.0 82.4 95.3
5/13/97 106 20.7 29.8 51.0 69.3 85.6 6/19/97 202 28.6 36.2 68.3 83.5 97.1
5/14/97 149 22.6 30.1 58.7 72.7 86.2 6/20/97 204 279 36.8 68.8 822 98.3
5/15/97 16.8 21.6 27.7 62.2 70.9 81.9 6/21/97 17.7 26.9 36.0 639 80.4 96.8
5/16/97 155 21.2 272 59.8 70.2 80.9 6/22/97 18.5 23.6 28.9 65.3 74.4 83.9
5/1797  16.1 24.0 30.7 61.0 752 87.2 6/23/97 17.8 27.0 36.9 64.0 80.6 98.5
5/18/97 16.9 254 334 62.4 7.7 92.1 6/24/97 19.4 27.1 36.6 66.9 80.8 98.0
5/19/97 134 17.8 22.5 56.1 64.0 72.5 6/25/97 16.4 23.1 29.8 61.5 73.6 85.6
5/20197 111 17.0 22.5 51.9 62.6 724 6/26/97 17.7 24.1 30.6 63.9 75.3 87.0
521197 151 17.6 21.8 59.1 63.7 71.3 6/27/97 16.5 235 30.9 61.6 74.3 87.7
5/22/97 133 19.7 26.4 559 67.4 79.6 6/28/97 19.8 277 353 67.6 81.8 95.6
5/23/97 148 21.9 28.8 58.7 71.5 83.8 6/29/97 215 29.6 373 70.6 85.3 992
5/24/97 159 24.4 315 60.5 76.0 88.7 6/30/97  21.6 30.2 38.3 70.8 86.3 100.9
5125197 162 24.8 302 61.2 76.7 86.3 711/97 20.9 30.1 38.6 69.7 86.2 101.5
5/26/97 18.2 252 313 64.8 773 88.4 712197 20.8 29.1 36.0 69.4 843 96.9
51271197 151 21.5 27.6 59.2 70.7 81.7 7/3/97 21.2 28.6 36.6 702 83.6 97.8
5/28/97 159 222 30.5 60.7 72.0 86.9 7/4/97 17.3 234 28.5 63.1 74.1 834
5/29/97 17.0 242 328 62.7 75.6 91.0 7/5/97 18.0 25.1 325 64.4 77.2 90.4
5/30/97 18.0 23.2 29.6 64.4 73.7 854 716197 16.8 24.1 314 62.2 75.4 88.6
5/31/97 159 19.7 253 60.5 67.5 71.5 717197 20.2 27.0 33.1 68.4 80.7 91.6

6/1/97 16.5 252 329 61.6 773 91.3 7/8/97 18.6 26.4 33.6 65.5 79.5 92.5
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Date  Min (C) Avg(C) Max(C) Min (F) Avg(F) Max(F) Date  Min(C) Avg(C) Max (C) Min (F) Avg(F) Max(F)

7/9/97 19.6 252 322 67.3 77.4 89.9 8/17/97 218 28.1 37.0 71.2 827 98.7
7/10/97  21.1 245 28.5 70.0 76.1 833 8/18/97 208 26.4 342 69.4 794 93.6
71197 199 259 314 67.9 78.6 885 8/19/97 204 278 353 68.8 82.0 95.6
712197  19.0 283 35.1 66.2 829 95.3 820197  21.1 278 35.0 69.9 820 95.1
7/13/97 211 289 35.6 70.0 84.1 96.1 821/97 215 29.0 36.5 70.7 842 917
7/14/97  23.0 29.1 344 734 84.4 94.0 8/22/97 213 27.6 36.7 704 81.7 98.0
715097 226 284 344 726 831 93.9 8/23/97 204 235 28.4 68.8 743 83.1
7/16/97 212 283 34.8 70.2 83.0 94.7 8/24/97  19.1 25.1 31.0 66.5 77.1 87.7
711797  21.8 29.4 359 71.2 85.0 96.6 8/25/97 185 25.4 32,0 653 77.7 89.7
7/18/97 224 29.5 359 723 852 96.7 8/26/97 196 26.0 31.6 67.3 78.8 889
7/19/97  22.6 28.8 35.2 726 83.9 95.4 8/27/97  19.7 26.1 326 67.5 78.9 90.7
7/20/97  21.0 282 34.3 69.3 827 937 8/28/97 212 28.1 349 702 825 94.9
7/21/97 212 275 335 70.2 81.5 92.4 8/29/97 218 283 34.8 712 82.9 94.6
7/22/97 206 26.6 320 69.1 799 89.7 8/30/97 214 275 34.1 70.6 81.5 933
7/23/97 195 25.9 32.5 67.1 787 90.5 8/31/97 - 20.1 26.1 324 68.1 79.0 90.3
7/24/97 217 272 339 71.0 80.9 93.0 9/1/97 194 26.1 327 67.0 78.9 90.8
7/25/97 213 26.9 344 70.3 80.4 93.9 9/2/97 204 252 324 68.8 77.3 90.4
7/126/97 213 28.5 34.5 704 833 94.1 9/1/97 19.4 26.1 327 67.0 78.9 90.8 -
7127197 218 28.6 345 712 835 94.2 9/2/97 20.4 26.8 332 68.8 80.2 91.7
7/28/97  23.6 28.8 345 74.4 83.8 94.2 9/3/97 18.0 23.8 319 64.4 74.8 89.5
7/29/97 207 26.1 33.1 69.3 79.1 91.5 9/4/97 20.3 225 26.7 68.5 72.6 80.0
7/30/97  20.5 273 33.1 68.8 81.1 91.5 9/5/97 18.8 24.0 304 65.9 75.3 86.8
7/31/97 224 27.1 334 723 80.8 92.1 9/6/97 19.2 25.3 314 66.5 77.5 884

8/1/97 20.5 26.8 325 68.9 80.2 90.5 9/7/97 184 25.3 31.8 65.1 77.6 89.2

8/2/97 21.9 282 338 71.3 82.7 92.9 9/8/97 19.4 25.8 328 66.9 78.4 91.0

8/3/97 22.8 29.0 347 73.1 843 94.5 9/9/97 20.6 25.5 336 69.0 77.9 92.4

8/4/97 23.1 27.1 321 73.6 80.7 89.8 9/10/97 185 21.9 271 65.3 714 80.7

8/5/97 21.8 25.2 30.7 712 77.3 87.2 9/11/97 119 24.6 31.0 64.2 76.3 87.9

8/6/97 18.1 249 32,6 64.5 76.8 90.7 9/12/97 195 24.8 31.8 67.1 76.7 893

8/7/97 15.5 18.1 20.6 60.0 64.5 69.1 9/13/97  20.0 259 334 68.0 78.7 92.0

8/8/97 14.6 221 29.9 58.2 719 85.8 9/14/97 209 26.2 323 69.5 792 90.1

8/9/97 193 27.8 34.8 66.8 82.1 94.6 9/15/97  20.1 27.6 34.6 68.2 81.6 94.2
8/10/97 213 274 33.6 70.3 81.2 92.5 9/16/97  20.5 28.1 34.7 68.9 82.6 94.5
8/1197 206 28.0 352 69.1 824 95.3 9117/97 211 29.3 368 69.9 84.8 982
8/12/97 202 253 34.5 68.4 77.6 94.1 9/18/97  23.1 292 36.9 73.5 84.6 98.4
8/13/97 19.6 248 323 67.3 76.7 90.2 9/19/97 204 275 348 68.7 814 94.7
8/14/97 208 269 332 69.5 80.4 91.8 9/20/97 159 23.2 29.6 60.6 73.8 852
8/15/97  20.7 29.2 382 69.3 84.5 100.7 9/21/97 136 152 18.6 56.5 59.4 65.4
8/16/97 217 30.4 383 71.0 86.7 101.0 9/22/97 152 18.1 228 59.4 64.6 73.0
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Date
9/23197
9/24/97
9/25/97
9/26/97
9/27/197
9/28/97
9/29/97
9/30/97
10/1/97
10/2/97
10/3/97
10/4/97
10/5/97
10/6/97
10/7/97
10/8/97
10/9/97
10/10/97
10/11/97
10/12/97
10/13/97
10/14/97
10/15/97
10/16/97
10/17/97
10/18/97
10/19/97
10/20/97
10/21/97
10/22/97
10/23/97
10/24/97
10/25/97
10/26/97
10127/97
10/28/97
10/29/97
10/30/97
10/31/97

Min (C) Avg(C) Max ()

15.3
03
132
16.1
17.1
183
144
179
19.2
16.8
16.9
15.4
17.5
14.8
154
16.4
14.4
18.4
18.0
8.7
53
73
7.0
6.8
10.0
10.9
12.1
9.0
10.5
10.2
10.5
8.2
25
0.2
3.1
7.6
36
9.1
94

183
18.3
20.1
229
253
22,6
229
26.2
24.0
242
247
233
234
20.8
20.3
215
204
20.5
209
16.7
117
12.6
13.9
14.9
15.9
193
211
13.9
12.1
12.7
15.5
17.7
7.9
7.2
11.7
15.1
14.1
17.6
18.6

21.7
48.8
26.1
30.1
328
275
312
335
318
30.5
319
303
30.8
277
21.7
26.6
26.5
24.2
26.6
20.5
17.8
19.0
215
214
229
269
283
19.0
14.2
17.2
220
232
11.9
13.4
19.8
224
23.4
248
284

Min (F) Avg(F)

59.6
325
55.7
60.9
62.7
64.9
579
64.2
66.6
62.2
62.4
59.7
63.5
58.7
59.8
61.5
57.9
65.2
64.3
47.6
41.6

45.2 -

447
44.2
50.0
51.6
53.8
48.3
50.8
50.3
51.0
46.8
36.5
323
37.6
457
385
48.3
48.8

65.0
64.9
68.1
733
77.6
727
732
79.1
751
75.5
76.5
74.0
74.2
69.4
68.5
70.8
68.6
69.0
69.7
62.0
53.0
54.7
57.1
589
60.7
66.7
69.9
57.0
538
548
59.9
63.9
46.1
45.0
531
59.3
57.5
63.6
65.5

Max (F)
71.0
119.8
79.1
86.1
91.0
81.5
88.2
924
89.2
87.0
89.5
86.6
87.4
819
81.8
79.9
79.8
75.6
79.9
68.9
64.1
66.2
70.7
70.5
733
80.3
829
66.1
57.6
62.9
71.6
73.8
53.4
56.2
67.7
723
74.1
76.6
83.1

Date

11
11/1/87

11/2/97
11/3/97
11/4/97
11/5/97
11/6/97
11/7/97
11/8/97
11/9/97
11/10/97
11/11/97
11/12/97
11/13/97
11/14/97
11/15/97
11/16/97
11/17/97
11/18/97
11/19/97
11/20/97
11/21/97
11/22/97
11/23/97
11/24/97
11/25/97
11/26/97
11727197
11/28/97
11/29/97
11/30/97
12/1/97
12/2/97
12/3/97
12/4/197
12/5/97
12/6/97
12/7/97
12/8/97
12/9/97

Min (C) Avg (C) Max (C)

6.0
33
44
8.1
4.7
34
7.9
89
33
1.1
0.8
35
4.6
33
-3.8
-4.4
-0.9
-0.6
2.7
8.8
2.5
0.7
4.1
5.6
43
9.3
104
39
-0.1
-0.4
54
4.0
-1.2
0.3
-1.6
2.8
33
9.1
21

141
1.0

11.5
115
17.3
13.4
12.2
14.1
16.3
6.9
3.0
5.6
4.5
93
64
-1.3
09
4.6
9.3
12.0
14.6
85
9.5
114
14.0
15.0
141
14.5
102
8.5
84
8.8
8.0
4.8
6.3
52
21
8.9
13.6
9.0

M2
FAVNS]

17.7
18.2
26.8
203
19.0
223
244
10.8
6.4
12.1
5.1
16.4
16.9
27
6.7
119
16.8
19.8
20.6
132
15.4
19.5
23.0
24.7
19.3
20.8
15.5
16.2
15.4
13.2
13.1
8.8
14.2
13.2
7.1
164
18.0
13.7

Min (F) Avg(F)

a7 Q
4.0

38.0
40.0
46.6
40.5
38.1
46.2
48.0
379
339
334
383
40.2
26.1
25.1
24.1
30.5
30.9
36.8
478
36.4
333
393
42.1
39.7
48.8
50.7
39.0
31.8
31.3
41.8
39.1
29.8
326
29.2
26.9
38.0
484
359

57.8
52.7
52.7
63.1
56.1
54.0
574
61.3
445
374
42.1
40.2
48.7
435
29.6
33.6
40.3
48.7
53.6
582
472
49.1
52.5
572
59.0
57.5
582
50.4
473
47.1
478
46.4
40.6
434
413
358
479
56.5
482

Max (F)
£R 5

5.2

63.9
64.8
80.3
68.5
66.1
721
759
514
43.6
53.7
41.2
61.5
623
36.9
44.1
533
62.2
67.6
69.0
55.8
59.7
67.2
733
76.5
66.7
69.4
59.8
61.2
59.7
558
55.6
478
57.5
55.8
4438
61.5
64.4
56.6




Date
12/10/97
12/11/97
12/12/97
12/13/97
12/14/97
12/15/97
12/16/97
12/17/97
12/18/97
12/19/97
12/20/97
12/21/97
12/22/97
12/23/97
12/24/97
12/25/97
12/26/97
12127197
12/28/97
12/29/97
12/30/97
12/31/97

1/1/98

1/2/98

1/3/98

1/4/98

1/5/98

1/6/98

1/7/98

1/8/98

1/9/98

1/10/98
1/11/98
1/12/98
1/13/98
1/14/98
1/15/98
1/16/98
1/17/98

Min (C) Avg(C) Max (C)

-5.0
-7.2
-9.8
-5.2
=25
2.6
-0.3
1.4
2.6
33
-1.6
-2.9
0.5
-1.9
-1.4
-3.9
-9.6
9.8
-3.3
-5.2
-4.4
=22
08
31
47
36
6.7
0.5
02
-0.4
0.5
-5.5
5.0
27
-1.5
0.4
2.1
5.5
39

0.9
2.6
-2.5
34
1.7
10.3
8.6
94
11.6
11.2
0.8
4.4
4.5
0.4
38
-1.2
-5.2
-17
0.9
25
4.5
36
1.1
114
114
9.3
10.1
59
35
6.4
9.6
3.9
105
10.8
42
6.5
6.1
10.7
123

4.7
0.6
5.6
13.0
16.6
193
159
17.7
20.8
19.2
5.1
11.7
7.0
23
89
0.6
-1.9
59
54
114
14.7
10.0
174
212
19.5
14.5
144
11.0
88
13.7
16.7
152
16.7
18.6
112
12.4
13.8
17.2
22,0

Min (F) Avg(F)

230
19.0
144
227
274
368
315
344
366
380
29.1
267
329
285
295
25.0
146
144
26.1
227
24.1
280
335
375
405
385
44.1
329
324
312
329
22.0
41.0
369
293
326
282
419
39.1

336
273
276
382
45.9
50.6
474
49.0
52.8
522
334
40.0
40.0
327
38.8
29.8
227
289
336
36.5
40.1
384
459
524
52.5
48.8
50.2
427
383
43.6
493
39.0
50.8
514
395
43.8
429
512
54.1

Max (F)
404
33.0
42.0
55.3
61.8
66.7
60.7
63.9
69.5
66.5
41.3
53.0
44.6
36.1
48.1
33.1
28.7
425
41.7
52.6
58.5
50.1
63.3
70.2
67.1
58.1
579
51.8
478
56.6
62.1
59.3
62.1
65.6
522
54.2
56.9
63.0
71.5
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Date
1/18/98
1/19/98
1/20/98
1/21/98
1/22/98
1/23/98
1/24/98
1/25/98
1/26/98
1/27/98
1/28/98
1/29/98
1/30/98
1/31/98
2/1/98
2/2/98
2/3/98
2/4/98
2/5/98
2/6/98
2/7/98
2/8/98
2/9/98
2/10/98
2/11/98
2/12/98
2/13/98
2/14/98
2/15/98
2/16/98
2/17/98
2/18/98
2/19/98
2/20/98
2/21/98
2/22/98
2/23/98
2/24/98
2/25/98

Min (C) Avg (C) Max (C)

7.0
33
9.8
2.6
-2.5
0.8
2.2
2.0
1.1
4.0
5.2
0.2
5.1
52
0.1
3.7
0.6
1.8
12
1.1
-1.0
44
84
3.4
-0.8
-0.1
2.5
5.7
6.1
27
0.9
4.0
-0.8
37
53
26
6.7
10.3
6.2

12.0
11.2
14.5
6.7
4.8
7.4
6.9
10.5
82
12.4
12.1
9.9
12.6
10.7
72
10.6
8.7
3.7
52
5.3
7.8
12.8
12.5
838
7.7
6.1
7.5
11.5
94
7.6
15
84
6.4
10.3
102
12.0
15.3
18.8
11.6

17.6
18.3
19.2
11.0
10.8
13.5
16.4
19.3
14.8
20.7
17.7
17.2
19.8
16.4
13.3
18.3
17.6
6.5
10.3
12.2
17.9
20.2
16.8
13.9
14.4
9.8
16.1
18.7
16.0
133
149
12.6
12.3
16.8
154
21.2
2217
28.1
15.8

Min (F)
447
38.0
496
36.7
274
334
28.0
357
34.0
393
413
324
41.1
413
323
38.6
33.0
353
34.1
34.0
30.2
40.0
47.1
38.1
30.5
318
276
422
429
36.9
30.4
393
30.6
38.7
415
36.7
44.0
50.5
432

Avg (F)
53.7
522
58.1
440
40.6
45.4
44.5
50.8
46.7
54.2
53.7
49.8
54.7
51.3
449
51.1
47.7
38.7
41.4
41.6
46.0
55.0
54.5
47.8
45.8
43.0
45.5
52.6
489
45.7
45.5
472
43.6
50.5
50.3
53.7
59.6
65.9
529

Max (F)
63.7
64.9
66.6
51.8
514
56.2
614
66.8
58.7
69.3
63.9
629
67.7
61.5
56.0
64.9
63.6
437
50.6
53.9
643
68.4
623
57.0
579
496
61.0
65.7
60.7
55.9
58.9
54.7
54.2
62.2
59.7
70.1
728
82.6
60.4




Date Min(C) Avg(C) Max(C) Min (F) Avg(F) Max(F) Date  Min(C) Avg(C) Max(C) Min(F) Avg(F) Max (F)
2026/98 2.3 75 13. 362 455 554 4/6/98 105 166 213 509 618 703
221198 1.0 58 10.5 337 425 51.0 4/7/98 110 158 202 51.8 60.4 68.4
228/98 5.5 23 9.0 2.1 362 48.1 4898 69 13.1 192 444 55.6 66.6
3/1/98  -1.3 52 108 297 414 51.4 4/9/98 5.7 152 227 422 59.4 72.9
3298  -12 6.0 12.7 299 4238 54.8 4/10/98 9.0 188 269 482 659 80.4
3/3/98 15 114 219 347 524 715 41198 124 200 279 54.4 68.1 822
3/4/98 12 172 248 45.0 62.9 76.7 41298 137 207 276 56.6 69.3 81.7
3/5/98 9.1 169 223 483 62.4 722 4/13/98 94 176 255 48.9 63.7 779
3/6/98 4.7 108 186 405 514 65.5 41498 114 203 273 526 63.6 81.1
3/7/98  -1.0 8.8 154 302 479 59.7 4/15/98 108 180 243 514 64.4 75.8
3/8/98 2.5 28 838 275 370 4738 4/16/98 44 127 200 40.0 549 68.0
3/9/98 3.7 3.0 10.4 253 374 50.6 41798 49 8.7 14.5 40.8 476 58.1
3/10/98  -5.3 22 102 2.4 359 503 4/18/98 26 113 190 36.8 524 662
3/11/98 22 45 11.0 28.0 40.1 51.7 4/19/98 16 128 215 348 55.1 70.6
3/12/98 32 27 102 262 36.9 50.4 4/20/98 9.1 156 227 484 60.1 728
3/13/98 03 9.4 19.6 326 489 672 421/98 58 129 203 24 552 68.5
3/14/98 6.6 130 210 433 55.5 69.7 4/22/98 04 157 250 326 60.2 77.0
3/15/98 8.5 138 183 472 56.8 65.0 4/23/98 107 212 491 512 70.1 120.4
3/16/98 4.8 73 9.0 40.7 452 48.1 424/98 147 244 321 58.4 76.0 89.8
3/17/98 3.7 102 188 387 50.4 65.8 4/25/98 180 241 284 64.5 753 83.1
3/18/98 6.8 126 216 443 54.6 709 4/26/98 6.4 161 215 43.6 61.0 70.7
3/19/98 2.0 84 13.5 357 47.1 56.3 427198 6.5 113 16.4 437 524 61.5
3/20/98 0.5 7.0 139 3238 44.6 57.0 4/28/98 55 126 194 42,0 54.8 66.9
32198 36 110 186 38.6 51.8 65.4 412998 45 157 231 40.1 60.3 73.6
3/22/98 5.7 164 259 422 61.6 78.6 4/30/98 9.8 196 270 49.6 673 80.7
3/23/98 115 210 294 52.7 69.8 85.0 5/1/98 130 231 295 55.4 73.5 85.2
3/24/98 105 213 302 50.9 70.4 86.4 52/98 150 243 311 589 75.7 88.0
32598 136 227 306 56.5 72.9 87.1 53/98 138 218 297 56.8 713 85.4
3/26/98 117 193 311 53.0 66.7 87.9 5/4/98 149 247 325 589 76.4 90.5
32798 8.7 152 215 476 59.4 70.7 5/5/98 137 238 313 56.6 74.8 383
3/28/98 8.0 185 269 464 652 804 5/6/98 188 247 298 659 76.4 85.7
3/29/08 108 199 284 514 61.8 83.0 57798 183 238 30.1 64.9 74.9 86.2
3/30/98 5.4 100 141 417 50.0 574 5/8/98 146 226 298 58.3 72.7 85.6
3/31/98 1.8 95 182 353 492 64.7 5/9/98 127 213 283 548 703 329
4198 5.5 161 243 420 61.0 75.7 5/10/98 122 221 313 539 71.9 88.3
42198 95 136 1638 49.1 56.4 62.3 51198 167 247 314 62.1 76.5 88.5
4/3/98 45 133 208 40.1 55.9 69.4 512/98 162 253 315 61.1 77.6 88.7
4/4/98 85 164 244 473 61.5 76.0 5/13/98 162 257 337 612 783 92.7
4/5/98 8.5 182 260 474 64.7 787 5/14/98 185 251 312 65.4 77.1 88.2




Date Min(C) Avg(C) Max (C) Min (F) Avg(F) Max(F) Date  Min (C) Avg(C) Max (C) Min (F) Avg(F) Max (F)

5/15/98  11.0 20.1 275 51.8 68.1 81.6 6/23/98 229 312 389 733 88.2 102.0
5/16/98  15.1 25.7 328 59.1 78.3 91.0 6/24/98 239 316 39.6 74.9 88.8 103.2
5/17/98 184 276 348 65.1 81.7 94.6 6/25/98 . 24.0 322 40.4 752 89.9 104.8
5/18/98 199 2717 35.0 679 819 95.0 6/26/98  24.1 336 41.6 754 925 106.9
5/19/98 17.8 27.1 35.3 64.0 80.8 95.5 6/27/98 234 334 41.2 74.1 92.1 106.2
52098 179 277 352 64.2 81.9 95.3 6/28/98 247 337 41.6 76.4 92.6 106.8
5/21/98 198 2790 328 67.6 80.5 91.0 6/29/98 227 30.7 315 72.9 873 99.5
5/22/98 223 26.7 313 722 80.0 883 6/30/98 222 28.9 353 72.0 84.1 95.5
5/23/98 209 26.8 33.6 69.6 80.3 924 7/1/98 24.4 283 328 76.0 82.9 91.1
5/24/98 16.5 26.5 33.8 61.7 79.7 92.9 7/2/98 20.7 25.6 331 69.3 78.1 91.6
5/25/98  16.3 23.7 31.2 613 74.7 88.2 7/3/98 226 28.4 344 72.7 83.0 94.0
5/26/98  17.5 223 30.1 63.5 722 86.2 7/4/98 222 296 35.7 72.0 852 96.3
5/27/98  13.8 25.0 345 56.9 71.0 94.1 7/5/98 234 29.8 372 74.1 85.7 99.0
5/28/98 203 29.0 36.5 68.5 842 97.8 7/6/98 222 30.0 36.6 72.0 86.0 97.8
5/29/98  21.6 303 38.0 70.9 86.6 100.5 7/7/98 237 311 373 747 88.0 99.1
5/30/98 212 30.3 377 70.2 86.5 99.8 7/8/98 213 29.4 378 70.4 84.9 100.0
5/31/98 199 29.6 38.1 67.8 852 100.6 7/9/98 240 30.0 36.2 75.2 85.9 972
6/1/98 20.8 320 40.4 '69.5 89.6 104.8 7/10/98 234 30.6 37.1 742 87.1 98.8
6/2/98 202 319 39.6 68.3 894 103.3 7/11/98  25.1 331 40.3 77.1 91.5 104.6
6/3/98 222 316 39.0 72.0 889 102.2 7/12/98 232 330 41.1 73.7 91.3 106.0
6/4/98 22 284 335 71.9 832 92.3 7/13/98  20.6 275 37.0 69.1 816 98.5
6/5/98 16.4 228 29.6 61.6 73.0 853 714/98 199 289 374 67.7 84.0 99.3
6/6/98 12.0 185 254 53.6 65.4 77.7 715/98  21.0 273 36.1 69.8 812 96.9
6/7/98 16.7 233 317 62.0 74.0 89.0 7/16/98  18.8 241 309 65.9 75.4 87.6
6/8/98 18.7 26.9 33.0 65.7 80.4 91.4 771798 197 26.9 335 67.5 80.5 922
6/9/98 20.1 286 348 68.2 83.4 94.6 7/18/98  21.1 28.2 342 70.1 82.7 93.6
6/10/98 - 13.8 22.3 30.1 56.8 72.1 86.3 7/19/98 228 30.6 36.8 73.0 87.0 98.3
6/11/98 122 223 305 54.0 72.1 86.9 7/20/98  24.2 29.8 36.3 75.6 85.7 97.3
6/12/98  18.0 28.1 34.8 64.4 82.6 94.7 7/21/98  19.9 27.3 356 67.8 812 96.1
6/13/98 222 30.1 36.5 719 86.1 97.6 7/22/98  20.5 26.7 345 68.9 80.0 94.0
6/14/98 219 284 344 71.5 83.1 94.0 7/23/98  20.7 27.1 33.5 69.2 80.8 92.4
6/15/98 163 242 315 61.3 75.6 88.7 7/24/98 22,6 278 344 727 82.0 93.9
6/16/98 - 20.8 29.8 373 69.4 85.7 99.1 7/25/98  21.7 28.1 339 71.0 82.5 93.1
6/1798 213 299 36.6 704 858 97.9 7/26/98 222 27.0 346 71.9 80.5 94.3
6/18/98 183 29.6 36.8 64.9 853 98.2 7127198 22,0 28.1 346 71.6 82.5 94.2
6/19/98 215 313 395 70.7 884 103.0 7/28/98  22.1 29.5 354 71.8 85.1 95.7
6/20/98  21.8 323 40.0 713 90.2 104.0 7/29/98  23.6 30.8 371 74.4 874 98.8
6/21/98 215 31.8 39.5 70.6 89.2 103.1 7130/98 229 292 370 733 84.5 98.5
6/22/98 249 31.8 38.8 76.9 89.2 101.8 7/31/98 188 26.8 332 65.8 80.2 91.7
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Date Min (C) Avg(C) Max (C) Min (F) Avg(F) Max(F) Date 'Min (C) Avg(C) Max (C) Min(F) Avg(F) Max(F)

8/1/98 220 29.1 34.7 7.7 84.4 94.4 5/6/98 i9.1 258 324 66.5 78.5 90.4
8/2/98 23.6 29.4 36.1 74.5 84.8 97.0 9/7/98 182 25.6 319 64.7 78.1 89.3
8/3/98 244 255 273 75.9 71.9 81.1 9/8/98 19.7 272 333 67.4 80.9 91.9
8/1/98 22.0 29.1 34.7 7.7 84.4 94.4 9/9/98 18.6 25.6 325 65.5 78.1 90.5
8/2/98 236 294 36.1 74.5 84.8 97.0 9/10/98 192 24.2 311 66.6 75.5 87.9
8/3/98 21.5 27.6 331 70.7 81.8 91.5 9/11/98 174 23.4 29.4 633 742 84.8
8/4/98 18.6 24.1 299 65.5 754 85.7 9/12/98  16.1 23.7 29.9 61.0 74.7 859
8/5/98 17.5 19.7 24.1 63.6 67.4 75.5 9/13/98 177 26.2 33.6 63.9 79.1 92.5
8/6/98 15.8 227 285 60.5 72.8 833 9/14/98  20.8 26.0 345 69.5 78.8 94.2
8/7/98 18.5 26.1 324 654 78.9 90.3 9/15/98  18.8 239 29.7 65.8 75.0 855
8/8/98 20.0 28.2 34.7 67.9 82.8 94.5 9/16/98  16.2 23.5 29.4 61.2 743 85.0
8/9/98 21.1 28.2 34.6 69.9 828 94.3 9/17/98  18.1 23.6 29.5 64.6 74.5 85.0
8/10/98  22.0 28.8 35.0 71.6 838 94.9 9/18/98  17.6 24.1 30.2 63.7 75.3 86.3
8/11/98 223 29.1 355 72.1 844 95.9 9/19/98 174 26.2 345 63.4 79.1 94.2
8/12/98 205 26.5 329 68.9 79.7 91.2 9/20/98 192 279 354 66.6 823 95.8
8/13/98 184 22.7 285 65.1 72.8 833 9/21/98  22.6 29.1 34.7 72.7 84.4 94.5
8/14/98 187 254 31.0 65.6 71.7 87.7 9/22/98  18.1 23.7 29.2 64.5 74.6 84.6
8/15/98  19.6 26.7 329 67.3 80.1 91.1 9/23/98  14.8 23.0 29.7 58.7 734 854
8/16/98  20.5 275 33.2 68.8 81.5 91.8 9/24/98  19.7 26.3 335 67.4 794 922
8/17/98 188 257 321 65.8 782 89.9 9/25/98  19.5 259 329 67.1 78.6 913
8/18/98 197 253 319 67.5 71.6 893 9/26/98  19.5 26.6 336 67.0 80.0 92.4
8/19/98 207 24.9 31.0 69.2 76.8 87.7 9/27/98 214 26.2 336 70.5 79.2 92.5
8/20/98 203 23.2 28.5 68.6 73.8 83.4 9/28/98  19.6 255 318 67.3 779 892
8/21/98  18.4 254 317 65.1 71.7 85.0 9/29/98  19.0 26.6 339 66.1 79.8 92.9
8/22/98 208 26.5 3211 69.4 79.8 89.7 9/30/98 0.4 25.5 48.9 32.7 78.0 120.0
8/23/98 193 26.0 322 66.8 78.7 89.9 10/1/98  20.5 242 29.1 68.9 75.5 843
8/24/98 193 25.8 318 66.8 78.4 89.2 10/2/98 172 243 303 63.0 75.7 86.6
8/25/98 193 25.3 31.2 66.7 71.6 88.1 10/3/98  15.0 244 322 59.0 76.0 89.9
8/26/98  20.8 26.2 316 69.4 79.2 88.9 10/4/98  18.1 26.1 312 64.6 79.0 88.1
8/27/98 212 274 34.0 70.2 81.4 93.3 10/5/98 103 20.0 26.1 50.5 68.1 78.9
8/28/98  20.2 239 28.2 68.4 749 82.7 10/6/98 7.3 14.9 213 45.1 58.7 70.3
8/29/98 19.8 249 30.7 67.7 76.9 873 10/7/98 102 17.2 239 50.3 62.9 75.0
8/30/98  16.8 25.3 32.0 62.2 77.6 89.7 10/8/98 103 19.1 270 50.5 66.4 80.6
8/31/98 187 25.8 323 65.6 78.4 90.1 10/9/98 113 21.2 30.7 523 70.1 872
9/1/98 19.6 253 31.1 673 71.6 88.0 10/10/98 123 22.5 326 542 72.4 90.6
9/2/98 20.8 26.5 317 694 79.6 89.1 10/11/98 120 23.0 331 53.6 734 91.5
9/3/98 20.5 26.5 325 68.8 79.6 90.6 10/12/98 143 20.1 27.0 57.8 683 80.6
9/4/98 20.1 27.0 33.2 68.1 80.6 91.7 10/13/98 152 22.6 30.8 594 2.7 874
9/5/98 20.8 27.0 328 69.5 80.6 91.1 10/14/98 146 22.6 303 583 72.7 86.6




Date  Min (C) Avg (C) Max (C) Min(F) Avg(F) Max(F) Date  Min (C) Avg(C) Max (C) Min (F) Avg(F) Max (F)

10/15/98  15.6 23.0 321 60.0 733 89.7 11/23/98 6.2 15.1 223 43.1 59.2 72.1
10/16/98  17.7 228 29.2 63.8 73.0 84.5 11/24/98 7.0 14.9 236 44.6 58.8 74.5
10/17/98  10.0 16.9 234 50.0 62.5 74.1 11/25/98 94 153 21.5 48.9 59.6 70.8
10/18/98 6.9 15.0 215 445 589 70.8 1126/98 8.1 15.6 24.0 46.6 60.1 752
10/19/98 11.9 173 219 53.5 63.2 71.4 11/27/98 9.3 15.7 24.5 48.8 60.3 76.1
10/20/98 9.2 109 17.7 485 51.6 63.9 11/28/98 9.9 17.0 259 49.8 62.7 78.6
102198 86 98 113 474 49.7 523 1129/98 7.8 129 16.1 46.1 55.2 60.9
10/22/98 10.2 11.6 13.8 503 529 56.9 11/30/98 4.0 11.9 19.9 39.2 53.3 67.8
10/23/98 104 13.8 17.7 50.6 56.8 63.9 12/1/98 7.0 13.2 19.2 44.6 55.8 66.5
1024798 9.1 15.9 217 483 60.7 71.1 12/2/98 104 14.6 20.7 50.7 58.3 69.2
10/25/98  10.0 179 25.6 499 643 782 12/3/98 8.0 12.0 16.7 46.5 53.6 62.1
10/26/98 14.4 18.9 25.3 58.0 66.1 71.5 12/4/98 71 142 222 44.9 57.6 71.9
10/27/98 134 16.7 22.1 56.2 62.1 71.7 12/5/98 9.9 15.9 229 49.8 60.6 732
10/28/98 112 17.5 24.1 52.1 63.5 753 12/6/98 46 9.6 129 40.3 49.3 352
10/29/98  12.1 18.7 26.0 53.7 65.7 78.9 12/7/98  -1.9 4.7 9.0 28.5 40.5 482
10/30/98  16.0 19.6 256 60.9 673 78.1 12/8/98  -5.1 22 8.5 229 36.0 472
10/31/98 128 15.2 17.1 55.0 59.3 62.7 12/9/98  -1.0 5.0 113 30.3 41.0 524
11/1/98 1.5 111 15.6 45.6 51.9 60.1 12/10/98 1.0 22 3.0 337 36.0 373
11/2/98 6.5 115 17.2 43.8 52.8 63.0 12/11/98  -1.6 0.7 4.6 29.1 333 40.2
11/3/98 84 10.5 13.0 47.1 50.8 553 12/12/98 2.2 4.6 112 28.0 40.3 52.1
11/4/98 53 74 9.0 41.6 453 48.2 12/13/98 -1.9 1.7 15.9 28.5 45.8 60.5
11/5/98 5.1 6.3 8.1 412 434 46.6 12/14/98 4.6 9.3 152 40.2 48.7 593
11/6/98 53 73 113 41.5 45.2 524 12/15/98 3.0 7.9 13.9 374 46.2 56.9
11/7/98 3.9 11.6 202 39.0 52.9 68.3 12/16/98 1.1 9.3 18.1 34.1 48.8 64.6
11/8/98 88 15.7 233 478 60.3 74.0 12/17/98 0.6 6.3 11.9 33.0 433 534
11/9/98 9.5 154 25.3 49.1 59.7 77.6 12/18/98 4.4 10.6 18.5 40.0 51.1 653
11/10/98 3.6 9.5 14.1 385 49.1 573 12/19/98 1.4 6.2 10.9 345 43.2 51.6
11/11/98 49 119 19.7 40.9 534 67.4 12/20/98 4.3 10.1 17.5 39.8 50.2 63.5
11/12/98 6.7 10.6 14.9 44.1 51.0 58.8 12/21/98  -8.7 6.7 21.0 16.4 44.0 69.8
11/13/98 7.1 10.7 15.1 44.7 513 59.1 12/22/98 -10.8 -7.8 4.7 12.6 18.0 235
11/14/98 3.1 13.1 222 376 555 719 12/23/98  -10.4 -4.1 1.3 13.4 24.6 343
11/15/98 6.1 145 21.9 429 58.1 713 12/24/98 -5.6 -2.2 3.1 21.9 28.1 375
11/16/98 6.8 16.8 24.8 442 62.3 76.6 12/25/98 54 3.7 14.1 222 38.7 574
11/17/98 7.2 15.6 23.1 45.0 60.1 735 12/26/98 0.9 10.6 17.8 336 51.0 64.0
11/18/98  11.7 182 257 530 64.7 78.2 12/27/98 43 1.6 18.1 398 529 64.6
11/19/98 6.2 154 22.3 432 59.7 72.1 12/28/98 13 10.0 19.7 343 50.0 67.5
11/20/98 4.6 74 9.5 403 453 49.1 12/29/98 7.2 12.1 17.8 449 537 64.0
11/21/98 45 11.3 184 40.1 523 65.1 12/30/98 3.8 10.1 18.9 388 50.2 66.1
11/22/98 6.1 14.6 24.4 429 583 76.0 12/31/98 2.2 59 11.1 359 426 51.9
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Date Min (C) Avg(C) Max (C) Min(F) Avg(F) Max(F) Date  Min(C) Avg(C) Max (C) Min (F) Avg(F) Max(F)
1/1/99 3.1 8.9 17.1 376 43.0 62.8 2/9/9 6.7 15.7 236 44.0 60.2 74.4
1/2/99 -1.9 2.7 5.7 28.6 36.9 422 2/10/99 112 18.9 264 52.1 66.0 79.6
1/3/99 -5.5 -1.8 1.5 221 288 347 2/11/99 -0.3 5.2 13.9 31.4 413 57.0
1/4/99 1.9 -0.8 71 17.9 30.6 44.8 2/12/99 -4.4 34 10.8 24.0 38.0 515
1/5/99 0.2 9.5 20.3 31.6 49.1 68.5 2/13/99 -1.3 7.6 16.1 29.7 45.6 60.9
1/6/99 33 113 18.6 379 524 65.5 - 2/14/99 29 11.7 219 373 53.0 71.4
1/7/99 6.7 13.8 21.5 44.0 56.9 70.7 2/15/99 6.3 14.8 249 433 58.7 76.9
1/8/99 0.8 10.8 19.1 334 514 66.4 2/16/99 14 8.6 14.0 345 47.5 573
1/9/99 -53 1.6 8.4 22.5 349 472 2/17/99 5.2 12.5 20.0 414 54.5 68.0
1/10/99 -1.7 82 18.2 29.0 46.8 64.8 : 2/18/99 6.5 142 20.8 43.7 57.6 69.4
1/11/99 2.8 11.2 21.7 37.0 522 711 2/19/99 5.5 152 253 41.8 594 71.5
1/12/99 8.8 145 19.7 479 582 67.5 2/20/99 42 10.6 16.2 39.5 511 612
1/13/99 0.5 8.0 14.6 33.0 463 582 2/21/99 1.2 83 13.9 342 46.9 56.9
1/14/99 2.5 5.0 109 27.6 40.9 51.6 2/22/99 5.5 124 212 420 543 70.1
1/15/199 1.2 113 224 34.1 524 72.4 2/23/99 -0.9 10.7 204 303 513 68.7
1/16/99 44 12.8 18.7 399 55.1 65.6 2/24/99 7.5 15.5 242 45.6 59.9 75.6
1/17/99 6.2 143 21.1 431 57.8 70.0 2/25/99 43 17.2 25.1 39.7 62.9 77.2
1/18/99 38 11.6 20.6 ‘38.8 529 69.0 2/26/99 12.9 18.4 239 553 65.1 75.1
1/19/99 9.2 16.3 244 48.6 61.4 76.0 2/27/99 8.1 143 209 46.6 57.8 69.7
1/20/99 103 16.7 23.6 50.6 62.1 74.5 2/28/99 7.6 154 259 45.7 59.8 78.6
1/21/99 74 125 17.8 453 54.5 64.0 3/1/99 79 17.2 254 46.1 63.0 77.8
1/22/99 2.5 6.4 10.2 36.4 43.6 50.3 3/2/99 85 15.8 21.8 473 60.4 71.3
1/23/99 3.0 10.1 20.0 . 373 50.2 68.0 3/3/99 28 10.9 18.6 37.1 51.7 65.4
1/24/99 9.5 16.9 26.2 49.1 62.5 79.1 3/4/99 5.6 16.0 252 422 60.8 77.3
1/25/99 7.6 157 25.6 457 60.2 78.0 3/5/99 13.8 18.2 23.8 56.9 64.8 74.8
1/26/99 8.8 14.5 22.1 479 58.1 71.8 3/6/99 5.8 11.1 154 425 52.0 59.7
1/27/99 74 13.7 211 454 56.7 70.0 3/7/99 5.6 79 9.7 42.1 46.1 494
1/28/99  -0.8 5.5 11.0 30.6 41.8 51.7 3/8/99 5.8 13.0 19.1 424 55.5 66.4
129/99  -1.1 -0.3 1.6 30.1 315 349 3/9/99 4.1 144 23.0 39.3 58.0 73.4
1/30/99 -0.8 5.6 11.8 30.5 42.1 533 3/10/99 9.4 17.9 247 49.0 64.2 76.5
1/31/99 02 5.3 13.0 324 41.6 554 3/11/99 42 10.0 144 39.5 499 57.9
2/1/99 49 112 16.4 40.8 521 61.4 3/12/99 22 8.0 174 359 46.5 63.3
2/2/99 -1.0 7.0 13.8 30.2 445 56.8 3/13/99 -1.1 53 124 30.0 41.5 54.2
2/3/99 4.1 123 226 394 54.1 72.6 3/14/99 0.6 9.6 18.8 33.0 493 65.8
2/4/99 1.4 10.9 17.5 34.6 51.6 63.6 3/15/99 54 154 24.8 41.7 59.7 76.6
2/5/99 9.9 16.5 244 49.7 61.7 759 3/16/99 1.5 16.6 25.7 45.6 61.9 783
2/6/99 9.1 13.8 19.0 48.4 56.8 66.1 3/17/99 5.9 13.2 229 42.5 557 732
2/1/99 5.5 14.3 22.8 42.0 57.7 73.1 3/18/99 1.2 47 73 341 40.5 45.1
2/8/99 10.1 159 23.1 50.2 60.6 735 3/19/99 -2.1 58 132 282 425 55.8




Date  Min(C) Avg(C) Max (C) Min(F) Avg(F) Max(F) Date Min (C) Avg(C) Max (C) Min (F) Avg(F) Max(F)

3/20/99 3.0 11.6 20.2 374 52.8 68.3 4/29/99  15.7 183 21.2 60.3 65.0 70.2
3/21/99 8.7 16.7 249 47.7 62.0 76.7 4/30/99  15.1 18.4 209 59.2 65.1 69.6
3/22/99 100 20.2 29.1 500 68.4 84.5 5/1/99 12.8 185 259 55.1 65.2 78.6
3/23/99 6.7 142 21.8 44.1 57.6 71.3 512199 9.9 18.5 26.6 499 653 79.8
3/24/99 7.0 15.2 245 44.6 593 76.0 5/3/99 14.0 21.8 279 57.2 712 822
3/25/99 1.7 12.1 17.4 459 53.7 63.4 5/4/99 15.5 21.5 25.4 599 70.7 71.7
3/26/99 9.9 115 13.5 49.7 52.6 56.3 5/5/99 838 16.2 232 479 612 73.7
3/27/99 7.5 12.4 17.6 455 544 63.6 5/6/99 73 14.6 215 45.1 58.2 70.6
3/28/99 4.6 12.5 19.3 404 54.5 66.7 5/7/99 99 19.0 278 49.8 66.2 82.0
3/29/99 8.9 134 18.9 48.0 56.0 66.0 5/8/99 15.4 25.1 336 59.7 712 92.5
3/30/99 7.6 13.6 21.0 457 56.4 69.8 5/9/99 17.1 249 322 62.8 76.9 90.0
3/31/99 82 17.6 271 46.7 63.6 80.9 5/10/99  16.1 23.7 30.4 60.9 74.6 86.8
4/1/99 12.4 19.5 25.5 542 67.1 77.8 5/11/99 113 18.6 239 52.4 65.5 75.1
412199 10.7 184 279 513 65.2 82.1 5/12/99  10.1 18.0 245 50.2 644 76.1
4/3/99 6.3 11.7 16.5 433 53.0 61.7 5/13/99 - 158 245 336 60.5 76.1 92.6
4/4/99 6.9 16.3 26.6 444 61.3 80.0 5/14/99 17,0 25.8 327 62.6 78.5 90.9
4/5/99 48 12.9 204 40.6 55.2 68.8 5/15/99 165 25.9 328 61.7 78.7 91.0
4/6/99 92 19.2 28.0 485 66.6 824 5/16/99 159 256 325 60.7 78.1 90.5
4/7/99 14.8 229 30.0 58.6 73.2 86.0 5/17/99  14.0 22.1 28.0 57.2 71.8 82.5
4/8/99 16.0 21.2 244 60.8 70.1 75.9 5/18/99 129 20.5 279 553 68.9 822
4/9/99 14.6 213 274 582 70.3 813 5/19/99 163 231 31.0 61.3 73.5 87.8
4/10/99 8.1 16.5 24.1 46.6 61.7 75.4 5/20/99  15.8 25.4 337 60.5 771.8 92.7
4/11/99 7.8 15.0 213 46.0 59.0 70.3 52199 157 23.6 318 60.3 74.5 893
4/12/99 132 179 25.2 55.7 64.2 713 522199 170 22.8 30.5 62.6 73.1 869
4/13/99 156 17.3 225 60.1 63.1 72.6 523/99 151 233 30.1 59.1 74.0 86.3
4/15/99 6.5 11.2 13.9 43.6 52.1 57.0 5/24/99 151 219 28.5 59.2 714 834
4/16/99 29 7.8 13.1 37.3 46.1 55.6 5125199 153 221 31.0 59.5 71.8 87.8
4/17/99 44 10.2 15.4 399 504 59.7 5/26/99 139 18.9 25.1 57.1 66.0 77.2
4/18/99 5.8 16.8 26.4 42.5 62.2 9.6 5/27/99 149 19.1 24.5 58.8 66.4 76.1
4/19/99 111 215 30.3 52.1 70.7 86.5 5/28/99 127 19.5 26.6 54.9 67.2 80.0
42099  13.6 23.6 33.0 564 74.5 91.4 5/29/99 137 20.5 278 56.7 65.0 82.0
4/21/99 164 243 30.8 61.6 75.7 87.4 5/30/99  18.0 249 320 64.4 76.8 89.5
4/22/99 202 27.0 333 68.3 80.5 91.9 5/31/99  20.1 27.4 34.4 68.1 81.2 93.9
4/23/99 116 19.5 252 529 67.1 773 6/1/99 205 26.5 320 69.0 79.7 89.5
4/24/99 6.2 8.6 109 432 475 51.7 6/2/99 215 26.8 33.6 70.6 80.2 92.4
4/25/99 8.4 15.7 24.1 47.1 60.2 75.5 6/3/99 19.1 27.7 35.0 66.4 81.8 95.0
4/26/99 94 183 26.8 48.8 65.0 803 6/4/99 211 27.7 34.4 70.1 81.8 94.0
4/27/99 138 224 29.0 56.8 72.4 84.1 6/5/99 19.7 26.0 29.9 67.4 781 859
4/28/99  16.7 228 30.1 62.0 73.1 86.1 6/6/99 15.9 24.6 32.6 60.6 763 90.6
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Date

00

O/ 1172
6/8/99
6/9/99
6/10/99
6/11/99
6/12/99
6/13/99
6/14/99
6/15/99
6/16/99
6/17/99
6/18/99
6/19/99
6/20/99
6/21/99
6/22/99
6/23/99
6/24/99
6/25/99
6/26/99
6/27/99
6/28/99
6/29/99
6/30/99
7/1/99
7/2/99
7/3/99
7/4/99
7/5/99
7/6/99
71799
7/8/99
7/9/99
7/10/99
7/11/99
7/12/99
7/13/99
7/14/99
7/15/99

Min (C) Avg(C) Max(C)

100
1o.v

19.0
17.3
194
19.6
17.5
14.1
17.0
14.1
17.4
14.2
192
19.0
17.7
19.5
17.9
20.3
20.3
18.9
219
23.0
23.5
23.6
234
246
239
225
20.8
189
20.8
20.7
220
229
19.7
18.7
16.0
193
204
223

M8 1
~J. 1

25.5
24.7
27.3
26.2
219
19.0
19.5
215
235
193
234
224
219
234
243
27.5
26.9
26.7
303
312
30.1
28.8
30.6
329
299
28.0
26.3
25.1
26.6
26.8
282
28.5
211
225
233
255
26.8
272

121
el Py §

339
325
350
32.8
26.2
22,6
22.7
26.5
29.0
244
28.5
29.2
286
28.6
315
338
335
333
377
383
389
339
399
40.9
371
344
31.8
314
322
326
345
358
232
273
29.1
31.1
34.0
325

Min (F)
64.4
66.2
63.1
66.9
673
63.6
573
625
574
632
57.5
66.5
66.1
639
67.1
64.1
68.5
63.6
66.0
71.3
734
74.4
74.4
74.1
762
75.0
75
69.4
65.9
69.4
69.3
716
732
674
65.6
60.8
66.7
68.7
72.1

Avg (F)

77.1
78.0
76.5
81.1
79.1
71.5
66.1
67.2
70.8
742
66.8
74.1
724
71.4
742
75.8
81.6
80.3
80.1
86.5
882
86.2
839
87.1
91.1
85.8
824
794
77.1
79.8
80.2
82.8
833
69.9
72.5
74.0
719
80.3
81.0

Max (F)
91.5
92.9
90.4
95.0
91.0
79.1
72.6
72.8
79.6
84.2
75.9
834
84.6
82.5
83.5
88.6
92.8
92.4
92.0
99.9
101.0
101.9
93.0
103.8
105.7
98.8
93.8
89.3
88.6
90.0
90.6
94.1
96.4
73.7
81.1
843
88.1
933
90.5

Date
7/16/99
7/17/99
7/18/99
7/19/99
7/20/99
7/21/99
7/22/99
7/23/99
7/24/99
7125199
7/26/99
7/27/99
7/28/99
7/29/99
7/30/99
7/31/99

8/1/99
8/2/99
8/3/99
8/4/99
8/5/99
8/6/99
8/7/99
8/8/99
8/9/99
8/10/99
8/11/99
8/12/99
8/13/99
8/14/99
8/15/99
8/16/99
8/17/99
8/18/99
8/19/99
8/20/99
8/21/99
8/22/99
8/23/99

Min (C) Avg(C) Max (C)

217
222
213
20.1
20.5
20.1
20.8
19.4
226
222
22.4
22.5
22.0
21.6
23.6
23.0
20.1
205
19.9
209
204
20.1
224
228
19.8
23.7
23.0
21.1
21.8
234
219
228
23.6
219
23.4
23.0
216
215
212

27.0
26.7
25.9
25.2
253
26.4
26.3
27.8
28.6
293
28.7
28.1
274
29.1
30.5
28.2
26.3
242
26.1
26.2
26.6
27.4
28.8
29.0
273
29.9
29.0
29.5
284
29.8
299
29.9
30.1
285
291
29.2
29.7
29.6
26.8

326
323
313
31.6
318
321
326
346
343
354
341
33.0
34.8
36.1
36.7
35.0
33.0
292
317
31.9
32.7
33.7
35.7
357
34.0
36.0
347
36.0
36.3
355
36.3
359
36.0
33.9
34.6
349
35.8
35.5
34.1

Min (F)

71.0
72.0
70.3
68.3
68.9
68.1
69.5
66.8
72.6
72.0
723
724
71.6
71.0
74.5
734
68.2
68.9
67.9
69.6
68.7
68.1
72.3
73.0
67.7
74.6
734
70.0
71.2
74.1
71.5
73.1
74.4
71.4
74.0
73.3
70.9
70.6
70.2

Avg (F)

80.6
80.0
78.7
774
77.6
79.5
79.3
821
834
84.7
837
82.6
81.4
844
86.9
82.8
794
75.6
79.0
79.1
79.9
813
83.8
843
812
85.9
84.2
85.1
83.1
85.6
858
85.8
86.1
832
84.4
84.6
854
853
80.2

Max (F)
90.7
90.1
88.4
88.9
89.2
89.7
90.6
943
93.7
95.7
933
915
94.6
97.1
98.0
95.0
91.4
84.6
89.1
89.4
909
9.7
962
963
93.1
96.8
94.5
96.7
973
959
97.4
96.7
96.8
93.0
943
94.8
96.4
959
933




Date
8/24/99
8/25/99
8/26/99
8/27/99
8/28/99
8/29/99
8/30/99
8/31/99

9/1/99
9/2/99
9/3/99
9/4/99
9/5/99
9/6/99
9/7/99
9/8/99
9/9/99
9/10/99
9/11/99
9/12/99
9/13/99
9/14/99
9/15/99
9/16/99
9/17/99
9/18/99
9/19/99
9/20/99
9/21/99
9/22/99
9/23/99
9/24/99
9/25/99
9/26/99
9/27/99
9/28/99
9/29/99
9/30/99
10/1/99

Min (C) Avg (C) Max (C)

20.3
20.1
20.2
20.9
212
215
221
218
21.6
20.5
20.3
18.5
19.3
16.7
18.9
19.6
18.2
18.5
20.0
19.7
15.6
15.7
19.5
16.1
15.7
15.1
16.9
14.5
13.5
11.2
142
16.7
16.1
20.5
16.1
10.5
6.3
9.4
12.7

24.9
258
267
282
29.0
284
28.8
276
27.8
26.1
25.7
25.8
239
24.0
26.0
247
222
245
269
245
18.8
222
24.0
199
19.7
220
25.0
20.0
14.8
17.7
223
25.3
249
274
225
16.4
1.7
16.7
224

31.8
317
326
351
351
347
349
345
332
312
327
33.0
318
29.8
324
29.6
219
320
343
292
235
29.1
30.0
26.2
25.0
283
325
26.8
16.3
24.6
303
329
321
35.1
29.5
217
18.9
287
31.7

Min (F) Avg(F)

68.6
68.1
68.4
69.5
702
70.7
718
72
709
68.9
68.6
65.3
66.8
62.1
66.0
673
64.7
652
68.0
674
60.1
60.2
672
61.0
60.3
59.2
62.5
58.1
564
522
575
62.0
61.0
69.0
60.9
509
433
489
54.8

76.9
78.5
80.1
82.8
842
83.1
83.8
81.6
82.0
78.9
783
78.4
75.0
75.1
78.8
76.4
72.0
76.1
80.5
76.2
65.8
72.0
75.1
67.9
674
1.6
76.9
68.1
58.6
63.9
72.1
71.5
76.8
814
72.5
616
53.0
62.1
723

Max (F)
89.2
89.1
90.7
953
95.3
94.5
94.9
94.0
91.8
88.1
90.9
914
89.3
85.7
90.3
853
822
89.6
93.8
84.6
743
84.4
86.0
79.1
71.0
829
90.5
80.2
61.4
76.3
86.5
91.1
89.9
95.1
852
711
65.9
83.6
89.1

73

Date
10/2/99
10/3/99
10/4/99
10/5/99
10/6/99
10/7/99
10/8/99
10/9/99

10/10/99
10/11/99
10/12/99
10/13/99
10/14/99
10/15/99
10/16/99
10/17/99
10/18/99
10/19/99
10/20/99
10/21/99
10/22/99
10/23/99
10/24/99
10/25/99
10/26/99
10/27/99
10/28/99
10/29/99
10/30/99
10/31/99
11/1/99

11/4/99

11/5/99

11/6/99

11/7/99

11/8/99

11/9/99

11/10/99
11/11/99

Min (C) Avg (C) Max (C)

11.9
10.8
10.2
1L.7
149
17.2
10.7
8.6
13.0
143
14.8
142
15.5
13.7
10.9
23
15
26
6.2
9.0
10.0
13.3
9.6
87
10.1
122
10.8
11.0
54
31
7.8
13.3
8.5
10.0
111
9.8
11.2
9.5
11.2

18.1
22.0
15.8
20.8
229
229
16.9
16.6
20.2
20.4
20.7
223
21.6
2.7
17.7
53
6.8
10.2
13.1
16.9
19.0
18.6
18.2
17.9
17.9
19.4
16.5
184
11.9
11.0
16.9
204
17.5
17.5
15.6
16.5
17.9
17.6
16.2

247
323
22.6
29.8
29.7
30.5
22.5
252
282
26.5
27.2
304
28.3
317
21.7
124
12.2
16.9
20.7
24.7
272
252
26.4
27.1
26.7
2714
23.0
282
18.0
203
14.6
25.6
27.1
259
215
243
26.0
26.7
22.6

Min (F) Avg(F)

534
514
50.4
53.0
589
63.0
51.2
47.6
55.5
577
58.7
57.6
59.8
56.7
51.6
36.1
34.7
36.6
43.1
48.1
50.0
559
49.2
47.7
50.2
54.0
51.5
51.8
417
376
46.1
359
472
50.0
52.0
49.7
522
49.0
52.2

64.6
71.6
604
69.4
732
731
62.5
61.9
68.4
68.7
69.3
721
70.9
72.8
63.9
4135
443
503
55.5
62.5
66.2
65.5
64.8
64.3
64.2
66.9
61.7
65.2
534
51.8
516
68.8
63.5
63.5
60.1
61.7
64.2
63.6
61.1

Max (F)
76.5
90.2
72.6
857
854
87.0
72.5
713
82.8
79.7
81.0
86.7
829
89.0
71.0
54.4
54.0
62.4
69.2
76.4
81.0
77.3
79.6
80.8
80.0
80.8
73.4
82.7
64.4
68.5
584
78.0
80.7
78.7
70.8
75.7
78.9
80.0
727




Date
11/12/99
11/13/99
11/14/99
11/15/99
11/16/99
11/17/99
11/18/99
11/19/99
11/20/99
11/21/99
11/22/99
11/23/99
11/24/99
11/25/99
11/26/99
11/27/99
11/28/99
11/29/99
11/30/99

12/1/99
12/2/99
12/3/99
12/4/99
12/5/99
12/6/99
12/7/99
12/8/99
12/9/99
12/10/99
12/11/99
12/12/99
12/13/99
12/14/99
12/15/99
12/16/99
12/17/99
12/18/99
12/19/99
12/20/99

Min (C) Avg(C) Max(C)

11.5
11.5
9.0
7.1
112
84
12.8
8.1
6.8
10.6
58
13
0.3
-1.7
4.3
8.6
5.8
2.7
4.4
8.1
74
4.2
-1.4
-4.0
1.0
2.4
39
-0.3
0.6
-11
0.3
-0.8
-1.2
-6.7
2.5
-1.9
-2.7
45
-3.0

16.2
17.0
16.9
14.9
16.7
16.5
19.2
12,7
15.6
16.8
13.3
6.7
3.7
6.9
12.8
172
14.6
9.6
9.8
13.5
13.6
12.9
3.0
3.7
7.5
113
12.1
48
6.7
53
48
7.6
6.0
1.8
6.7
84
6.6
9.1
14

222
235
24.6
214
234
25.6
25.8
174
249
233
183
12.0
19
14.7
212
25.3
229
16.7
17.0
22.1
19.4
19.7
6.0
iLs
14.5
19.8
213
10.2
13.6
11.0
10.9
154
9.1
9.2
14.9
18.9
15.8
132
44

Min (F) Avg (F)

52.7
52.8
48.2
44.8
52.1
47.1
55.1
46.5
442
51.1
42.5
344
314
289
39.8
47.5
425
36.8
399
46.5
453
39.5
29.4
247
33.7
363
39.0
315
33.0
30.1
325
30.6
29.9
20.0
276
28.5
271
40.0
26.7

61.1
62.6
62.4
58.8
62.1
61.6
66.6
54.8
60.1
62.3
56.0
4.1
38.7
444
55.0
62.9
583
49.3
49.6
56.4
56.4
553
373
38.7
454
52.4
53.9
40.7
44.1
41.6
40.7
45.6
428
352
44.1
47.0

- 439

485
345

Macx (F)
72.0
74.4
76.3
70.5
74.2
78.0
78.4
63.3
76.9
739
64.9
53.6
46.3
58.5
70.1
77.5
73.1
62.1
62.7
71.7
66.9
67.5
427
52.6
58.0
67.6
70.3
50.3
56.5
51.8
51.7
59.6
484
48.6
58.8
66.1
60.5
55.7
39.8

Date

11 Ian

1i/alidS
12/22/99
12/23/99
12/24/99
12/25/99
12/26/99
12/27/99
12/28/99
12/29/99
12/30/99
12/31/99
1/1/00
1/2/00
1/3/00
1/4/00
1/5/00
1/6/00
1/7/60
1/8/00
1/9/00
1/10/00
1/11/00
1/12/00
1/13/00
1/14/00
1/15/00
1/16/00
1/17/00
1/18/00
1/19/00
1/20/00
1/21/00
1/22/00
1/23/00
1/24/00
1/25/00
1/26/00
1/27/00
1/28/00

Min (C) Avg(C) Max (C)

-5.4
3.2
-4.1
1.3
29
3.7
-1.3
1.9
3.1
39
39
5.4
53
-2.0
-6.8
-0.2
4.1
-35
2.8
3.0
5.0
6.8
9.2
47
0.5
43
71
4.6
7.1
10.6
2.7
3.6
1.7
6.4
2.0
2.8
-0.5
=32
-5.0

0.1
1.5
42
55
4.8
6.6
6.7
9.0
10.7
11.9
10.6
13.6
11.2
44
1.6
7.6
2.8
0.1
5.4
9.7
12.6
142
16.7
9.8
6.8
12.1
14.5
15.1
16.9
18.5
8.6
133
16.1
129
10.6
9.3
6.1
2.4
2.0

5.0
7.0
11.3
8.9
6.5
104
15.6
17.7
17.9
19.6
18.9
21.0
17.3
7.8
85
17.2
9.9
5.1
14.4
17.1
20.7
23.3
242
15.3
13.0
21.9
24.1
25.7
243
25.8
12.4
22.4
19.8
19.0
18.2
14.9
14.6
10.9
1.8

Min (F)

29 17
LT

26.3
24.6
344
372
387
29.6
354
376
39.0
39.0
41.7
41.5
284
19.7
31.6
24.6
25.8
269
375
41.1
44.2
48.6
40.5
329
39.8
44.7
40.2
44.7
51.0
36.8
384
53.1
43.5
35.6
371
31.0
26.2
23.0

Avg (F)
32.
34.6
39.6
419
40.6
440
44.1
483
513
53.5
51.0
56.5
522
40.0
35.0
45.7
37.0
322
41.8
495
54.7
57.6
62.1
49.6
442
53.8
58.2
59.1
62.4
65.4
47.4
55.9
60.9
55.3
51.0
48.8
429
36.4
285

Max (F)

A1 O
TL.YV

44.6
52.3
48.0
43.6
50.8
60.1
63.9
64.3
67.3
66.1
69.8
63.2
46.1
473
63.0
499
41.1
58.0
62.9
69.3
73.9
75.6
59.6
55.4
71.4
75.4
78.2
75.8
78.5
54.3
72.4
67.6
66.2
64.7
58.9
58.4
51.5
352




Date Min(C) Avg(C) Max (C) Min(F) Avg(F) Max (F)

1/29/00 -6.3 -0.1 7.5 20.6 31.8 45.6
1/30/00 3.6 38 12.2 255 38.9 539
13100  -0.9 5.6 144 303 42.1 57.9

2/1/00 2.1 4.5 7.0 358 40.1 4.6

22/00 -4.1 33 10.6 245 379 512

2/3/00 2.6 9.5 211 274 49.1 69.9

2/4/00 0.9 54 9.7 33.6 41.7 49.5

2/5/00 -1.7 5.7 13.6 289 423 56.5

2/6/00 3.0 11.3 214 374 524 70.5

2/1/00 33 113 18.5 38.0 523 65.3

2/8/00 7.2 143 219 449 578 7.4

2/9/00 112 18.1 26.8 521 64.6 80.3
2/10/00 143 18.8 23.8 577 65.9 74.8
2/11/00 86 16.6 23.0 475 61.9 733
2/12/60 0.9 12.4 229 335 544 732
2/13/60 9.7 14.7 202 49.5 585 68.4
2/14/00 92 16.7 235 48.6 62.1 743
2/15/00 9.7 189 217 ‘494 66.0 819
2/16/00 5.5 14.0 21.0 419 57.2 69.8
2/17/00 8.9 17.6 26.3 479 63.7 793
2/18/00 7.6 12.6 17.6 458 54.6 63.6
2/19/00 1.5 9.0 17.1 347 48.1 62.8
2/20/00 6.6 12.7 19.5 438 549 67.1
2/21/00 73 16.1 25.7 452 61.1 78.2
2/22/00 7.1 13.2 18.6 44.8 55.7 65.4
2/23/00 42 133 214 39.6 559 70.5
2/24/00 8.6 17.0 24.1 47.5 62.7 754
2/25/00 6.9 12.6 16.6 444 54.7 61.9
2/26/00 1.8 9.0 156 353 482 60.1
2/27/00 59 14.2 229 42.6 576 732
2/28/00 8.8 16.5 25.1 47.8 61.6 712
2/29/00 5.5 13.7 204 419 56.6 68.8
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Appendix C: Atmospheric Stability Class by Percentage

Stability Class | September 1996 | October 1996 | November 1996 | December 1996 January 1997 | February 1997
A 21.68 20.64 14.84 11.68 11.95 15.19
B 537 5.57 4.17 4.96 5.06 4.06
C 4.63 5.87 5.26 5.84 5.63 471
D 17.40 17.14 21.33 13.65 29.80 33.58
E 19.99 19.08 17.01 11.74 11.47 19.43
F 13.57 13.82 14.00 18.87 13.58 9.48
G 17.36 17.89 23.40 3327 2251 13.54
Table C.1
Stability Class | March 1997 April 1997 May 1997 June 1997 July 1997 August 1997
A 2521 26.55 2722 2427 2427 26.55
B 4.88 4.24 6.11 8.18 8.18 424
C 4.54 5.09 6.04 6.11 6.11 5.09
D 14.83 25.39 19.30 13.75 13.75 25.39
E 16.45 22.52 24.50 29.50 29.50 22.52
F 14.69 7.30 9.53 10.96 10.96 7.30
G 1940 8.91 7.22 7.23 7.23 891
Table C.2
Stability Class | September 1997 | October 1997 | November 1997 | December 1997 | January 1998 | February 1998
A 20.77 20.57 13.34 10.90 16.29 18.51
B 5.68 5.57 6.01 5.13 482 5.52
C 493 424 6.18 6.21 431 5.44
D 16.19 15.58 19.38 18.47 10.73 13.75
E 20.94 18.06 11.07 16.02 11.00 20.68
F 12.46 14.60 14.70 15.89 18.91 18.76
G 19.03 21.32 29.33 27.36 33.94 17.34
Table C.3
Stability Class | March 1998 April 1998 May 1998 June 1998 July 1998 August 1998
A 27.83 30.52 29.90 3592 29.56 26.61
B 4.75 5.02 4.85 4.67 447 5.19
C 3.19 3.16 428 3.61 497 5.36
D 18.16 9.26 10.86 10.52 12.63 16.87
E 17.48 21.40 12.32 18.80 23.16 19.11
F 12.59 12.38 12.86 947 13.84 13.07
G 15.99 18.24 24.92 17.01 11.37 13.78
Table C.4
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Stability Class | September 1998 | October 1998 | November 1998 | December 1998 | January 1999 | February 1999
A 28.27 22.17 13.75 9.98 12.83 2195
B 421 4.14 5.30 5.84 5.26 3.65
¢ 393 3.90 5.51 543 5.70 346
D 10.21 14.56 18.38 19.04 13.17 9.58
E 21.19 28.82 14.59 13.65 13.68 14.69
F 14.07 13.65 1133 16.46 15.31 15.26
G 18.13 12.76 31.11 29.60 34.05 31.42
Table C.5
Stability Class | March 1999 April 1999 May 1999 June 1999 July 1999 August 1999
A 2542 28.47 31.74 26.58 35.87 30.07
6.96 4.26 477 6.90 4.92 5.63
C 384 422 3.70 5.85 3.83 4.10
D 15.41 14.88 13.57 19.18 20.67 11.13
E 16.23 16.38 21.20 2770 19.58 15.98
F 14.19 11.56 9.98 7.19 10.45 16.83
G 17.96 20.23 15.05 6.55 4.65 16.19
Table C.6
Stability Class | September 1999 | October 1999 | November 1999 | December 1999 | January 2000 | February 2000
A 25.99 22.16 15.61 12.83 13.66 21.62
B 5.50 5.77 6.24 5.36 472 442
C 5.85 5.39 546 492 5.77 3.99
D “17.01 13.98 9.01 14.01 14.10 9.43
E 20.30 11.60 10.42 15.41 15.39 17.59
F 12.06 10.38 15.53 18.16 17.53 13.86
G 13.25 30.68 37.64 29.29 28.78 29.06
Table C.7
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Appendix D: Wind Direction by Percentage

Wind Direction September 1996 | October 1996 | November 1996 | December 1996 | January 1997 | February 1997
N 1.75 2.89 491 251 4.68 6.18
NNE 2.63 4.18 5.23 6.96 6.18 6.36
NE 3.26 3.46 512 540 536 3.81
ENE 5.58 4.04 442 2.99 6.62 334
E 9.12 6.18 5.65 4.14 10.05 9.81
ESE 21.54 12.19 1343 10.29 8.04 17.56
SE 18.94 16.90 16.20 10.90 9.16 15.88
SSE 9.40 11.68 11.01 7.67 6.72 8.58
S 6.38 9.61 7.37 6.72 591 5.35
SSW 4.70 6.48 4.67 8.28 5.63 2.05
SwW 3.33 424 2.81 7.50 3.80 2.12
WSW 4.00 4.82 4.67 8.49 5.67 2.26
w 3.82 5.36 5.44 8.55 8.32 1.36
WNW 2.10 3.46 3.47 3.67 5.06 3.05
NW 1.96 2.55 2.84 2.95 533 5.53
NNW 147 1.97 2.77 2.99 346 6.75
Table D.1
Wind Direction March 1997 April 1997 May 1997 June 1997 July 1997 August 1997
N 438 7.93 2.58 2.28 0.71 793
NNE 5.21 4.74 4.46 2.10 0.85 4.74
NE 7.56 3.68 6.81 3.16 1.66 3.68
ENE 3.25 5.40 7.12 5.02 2.99 5.40
E 3.45 4.98 9.30 10.17 8.69 498
ESE 11.08 8.17 14.74 21.12 24.13 8.17
SE 16.25 17.75 17.32 1736 29.70 17.75
SSE 11.94 9.33 10.57 11.93 14.05 9.33
S 6.63 5.68 6.68 6.63 7.13 5.68
SSW 3.45 3.58 3.69 4.14 441 3.58
SW 3.75 2.60 3.16 3.65 2.00 2.60
WSW 6.60 6.07 4.50 3.16 1.19 6.07
W 6.57 8.63 342 3.02 0.95 8.63
WNW 332 2.84 191 249 0.58 2.84
NwW 352 3.26 1.51 2.28 0.37 326
NNW 3.05 5.37 2.15 1.51 0.58 5.37
Table D.2
["Wind Direction September 1997 | October 1997 | November 1997 | December 1997 January 1998 | February 1998
N 2.05 4.92 5.57 11.58 7.06 4.75
NNE 322 2.95 835 9.47 5.57 3.37
NE 5.58 3.26 475 6.08 5.09 2.54
ENE 5.78 438 3.02 5.16 4.51 2.69
E 10.34 5.50 8.45 5.87 5.80 4.93
ESE 19.78 14.39 13.82 7.43 10.93 9.58
SE 19.23 17.79 13.99 6.38 11.24 9.11
SSE 11.84 11.30 7.26 4.79 733 795
S 6.71 4.58 6.79 3.73 6.59 6.39
SSW 3.11 3.19 4.45 333 4.51 4.10
Sw 2.57 3.12 3.73 2.82 4.48 425
WSW 2.50 3.09 397 5.23 3.77 4.46
w 1.44 8.59 5.19 6.01 6.65 13.97
WNW 1.13 4.55 3.77 523 4.89 8.31
NwW 2.09 4.01 377 6.82 5.16 6.02
NNW 2.64 431 3.12 10.05 6.42 7.58
Table D.3
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‘Wind Direction | March 1998 April 1998 May 1998 June 1998 July 1998 August 1998
N 4.45 5.44 2.51 2.49 247 3.67
NNE 1.29 3.61 1.90 2.35 2.78 5.33
NE 1.90 340 2.27 1.47 4.72 5.67
ENE 2.92 428 1.60 1.33 4.13 7.60
E 7.98 431 4.55 2.39 5.75 14.12
ESE 13.37 9.15 10.22 9.37 11.84 20.94
SE 10.83 9.89 11.51 17.36 19.59 21.05
SSE 7.74 7.58 9.30 14.56 16.66 8.66
S 7.16 4.59 7.06 5.05 9.19 4.11
SSW 4.01 4.03 6.69 4.77 6.38 1.87
SW 4.82 3.61 6.25 4.81 3.25 1.19
WSW 6.14 8.38 8.96 12.56 2.72 0.71
W 10.35 11.86 11.44 10.24 2.63 0.48
WNW 4.62 7.72 6.48 5.47 2.19 0.75
NW 6.35 5.09 5.77 3.40 2.47 1.22
NNW 6.08 7.02 3.50 2.39 3.25 2.65
Table D.4
Wind Direction September 1998 | October 1998 | November 1998 | December 1998 | January 1999 | February 1999
N 221 3.46 3.51 5.63 4.11 6.54
NNE 2.56 3.60 3.86 5.60 4.58 5.41
NE 4.17 441 3.44 6.35 4.72 2.44
ENE 6.84 4.96 5.23 5.13 2.17 2.59
E 13.43 5.74 11.50 5.30 4.58 5.19
ESE 18.77 12.93 15.96 13.85 8.89 10.37
SE 21.47 22.67 15.33 13.54 12.66 13.12
SSE 12.56 11.95 9.12 8.66 8.89 9.06
S 6.59 9.16 8.14 5.30 6.25 6.43
SSwW 1.51 4.14 6.21 5.06 5.16 7.07
SW 1.26 424 3.19 4.62 6.45 5.90
WSW 2.03 428 3.16 533 6.92 8.19
W 1.61 2.31 2.10 5.36 7.54 6.99
WNW 2.14 1.73 1.54 2.99 4.89 293
NW 1.47 2.00 3.16 3.09 6.45 297
NNW 1.37 2.41 4.52 421 5.74 4.81
Table D.5
Wind Direction | March 1999 April 1999 May 1999 June 1999 July 1999 August 1999
N 4.48 2.86 3.46 2.87 0.47 241
NNE 438 4.14 3.66 3.40 0.91 2.24
NE 4.04 4.37 4.60 252 1.93 2.85
ENE 5.77 4.82 5.74 473 3.73 424
E 7.98 8.74 9.81 7.43 3.39 12.49
ESE 14.80 13.82 12.33 17.85 12.55 21.52
SE 13.68 9.23 13.60 23.88 33.53 19.85
SSE 8.72 4.67 7.69 13.78 21.18 12.93
S 4.99 5.27 4.50 8.03 9.06 4.92
SSW 3.63 6.85 5.04 4.10 4.31 3.25
SW 2.99 6.85 7.66 2.66 2.13 291
WSW 4.62 9.08 8.50 1.85 227 224
W 5.30 9.38 7.83 1.96 2.13 1.73
WNW 3.77 5.57 1.88 0.94 0.95 1.45
NW 4.79 2.49 1.01 1.71 0.78 2.34
NNW 6.08 1.85 2.69 2.20 0.61 2.54




Wind Direction September 1999 | October 1999 | November 1999 | December 1999 | January 2000 | February 2000
N 427 6.68 2.88 8.07 329 3.19
NNE 6.24 5.83 3.51 9.36 4.89 2.86
NE 7.57 3.69 2.81 7.50 5.81 3.04
ENE 7.26 2.13 2.18 3.49 2.99 3.88
E 8.34 3.12 10.54 6.04 9.78 5.40
ESE 13.25 18.66 20.77 7.84 12.57 13.35
SE 15.95 14.69 17.06 9.67 11.28 12.73
SSE 9.71 9.70 7.84 6.21 9.00 5.95
S 8.38 7.60 6.48 5.90 4.96 5.91
SSwW 4.59 471 6.63 6.55 4.55 5.37
Sw 2.10 2.61 3.86 3.83 5.13 5.37
WSW 2.17 2.88 327 3.97 6.32 7.76
w 2.63 2.71 5.38 4.00 6.18 11.42
WNW 2.49 2.98 2.06 3.15 472 4.97
NW 2.10 4.78 1.99 594 428 5.18
NNW 2.87 7.12 2.61 8.41 4.18 3.55
Table D.7
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Appendix E: Daily Precipitation
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Calendar |Rainfall] Monthly Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
€] ) (in) @m) | (mm) | (mm)
1/17/97 0.17 4.32
1/18/97 0.17 432
1/19/97 0.17 432
1/20/97 0.17 432
1/21/97 0.17 432
1722197 0.17 432
1/23/97 0.17 432
1724/97 0.17 432
172597 0.17 432
1/26/97 0.17 432
1/27/97 0.17 432
1/28/97 0.17 432
1/29/97 0.17 432
1/30/97 0.17 432
1/31/97 0.17 0.17 432 432
2/3/97 0.17 432
2/4/97 0.17 4.32
2/5/97 0.17 432
2/6/97 0.17 432
2/7/97 0.17 432
2/8/97 0.17 432
2/9/97 0.17 432
2/10/97 0.17 432
2/11/97 0.17 432
2/12/97 0.55 0.72 13.97 18.29
2/13/97 0.18 0.90 4.57 22.86
2/14/97 0.90 22.86
2/15/97 0.90 22.86
2/16/97 0.90 22.86
211797 0.90 22.86
2/18/97 0.01 0.91 0.25 23.11
2/19/97 0.01 092 0.25 2337
2/20/97 0.92 2337
2/21/97 0.92 23.37
2/22/97 092 23.37
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Calendar |Rainfall] Monthly Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
2/23/97 0.92 23.37
2/24/97 092 23.37
2125/97 0.01 0.93 0.25 23.62
2/26/97 0.93 23.62
2/27/97 0.93 23.62
2/28/97 0.76 0.93 19.30 23.62
3/1/97 0.01 0.94 025 23.88
312/97 0.94 23.88
3/3/97 0.94 2388
3/4/97 0.94 23.88
3/5/97 0.94 23.88
3/6/97 0.94 23.88
3/7/97 0.94 23.88
3/8/97 0.94 23.88
3/9/97 . 094 23.88
3/10/97 0.94 23.88
3/11/197 0.94 23.88
3/12/97 0.94 23.88
3/13/97 0.94 23.88
3/14/97 0.94 23.88
3/15/97 0.94 23.88
3/16/97 0.94 23.88
3/17/97 0.94 23.88
3/18/97 0.94 23.88
3/19/97 0.94 23.88
3/20/97 0.94 23.88
321/91 0.89 1.83 22.61 46.49
3122/97 1.83 46.49
3123/97 1.83 46.49
3/24/97 1.83 46.49
3/25/97 1.83 46.49
3/26/97 1.83 46.49
3127197 0.02 1.85 0.51 46.99
3/28/97 1.85 46.99
3/129/97 1.85 46.99




Calendar |Rainfalll Monthly Running Rainfall | Monthly | Running Calendar |Rainfall] Monthly Running Rainfali | Monthly | Running

Date Totals Yearly Totals Yearly Date Totals Yearly Totals Yearly
Total Total Total Total

(in) (in) (in) (mm) (mm) (mm) (in) (in) (in) (mm) (mm) (mm)

3/30/97 1.85 46.99 5/5/97 322 81.79
3/31/97 0.92 1.85 23.37 46.99 5/6/97 0.47 3.69 11.94 93.73

4/1/197 1.85 46.99 511197 3.69 93.73
4/2/97 0.20 2.05 5.08 52.07 5/8/97 0.51 420 12.95 106.68
4/3/97 0.19 224 483 56.90 5/9/97 420 106.68
474197 224 56.90 5/10/97 420 106.68
4/5/97 224 56.90 5/11/97 420 106.68
4/6/97 224 56.90 5/12/97 0.01 421 0.25 106.93
417197 224 56.90 5/13/97 421 106.93
4/8/97 224 56.90 5/14/97 421 106.93
4/9/97 2.24 56.90 5/15/97 421 106.93
4/10/97 224 56.90 5/16/97 4.21 106.93
4/11197 224 56.90 5/17/97 421 106.93
4/12/97 224 56.90 5/18/97 421 106.93
4/13/97 224 56.90 5/19/97 421 106.93
4/14/97 2.24 56.90 5120/97 421 106.93
4/15/97 224 56.90 5121/97 0.66 487 16.76 123.69
4/16/97 2.24 56.90 5/22/97 0.03 4.90 0.76 124.45
4/17/97 224 56.90 5/23/97 490 124.45
4/18/97 0.19 243 4.83 61.73 5/24/97 490 124.45
4/19/97 243 61.73 5/25/97 4.90 124.45
4/20/97 243 61.73 526/97 4.90 124.45
4/21/97 243 61.73 5/27/97 490 12445
4/22/97 243 61.73 5/28/97 4.90 124.45
4/23/97 243 61.73 5/29/97 4.90 124.45
4/24/97 0.14 2.57 3.56 65.28 5/30/97 490 124.45
4/25/97 0.46 3.03 11.68 76.96 5/31/97 1.68 4.90 42.67 124.45
4/26/97 0.19 322 4.83 81.79 6/1/97 490 124.45
4/27/97 322 81.79 6/2/97 490 124 .45
4/28/97 322 81.79 6/3/97 4.90 124.45
4/29/97 322 81.79 6/4/97 4.90 124.45
4/30/97 1.37 322 34.79 81.79 6/5/97 490 12445
52197 322 81.79 6/6/97 4.90 124.45
5/3/97 322 81.79 6/7/97 0.53 543 13.46 137.91
5/4197 322 81.79 " 6/8/97 0.01 544 0.25 138.17




Calendar [Rainfall] Monthly Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
6/9/97 5.44 138.17
6/10/97 5.44 138.17
6/11/97 0.89 6.33 22,61 160.78
6/12/97 6.33 160.78
6/13/97 6.33 160.78
6/14/97 0.26 6.59 6.60 167.38
6/15/97 6.59 167.38
6/16/97 6.59 167.38
6/17/97 6.59 167.38
6/18/97 6.59 167.38
6/19/97 6.59 167.38
6/20/97 6.59 167.38
6/21/97 6.59 167.38
6/22/197 6.59 167.38
6/23/97 6.59 167.38
6/24/97 6.59 167.38
6/25/97 6.59 167.38
6/26/97 6.59 167.38
6/27/97 0.90 7.49 22.86 190.24
6/28/97 7.49 190.24
6/29/97 7.49 190.24
6/30/97 2.59 7.49 65.79 190.24
7/1/97 7.49 190.24
712197 7.49 190.24
7/3197 7.49 190.24
7/14/97 213 9.62 54.10 24434
7/5197 0.10 9.72 254 246.88
7/6/97 0.16 9.88 4.06 250.95
717197 9.88 250.95
7/8/97 1.36 11.24 3454 285.49
7/9/97 11.24 28549
7/10/97 11.24 285.49
7/11/97 11.24 285.49
12097 11.24 285.49
7/13/97 11.24 285.49

85

Calendar {Rainfall] Monthly | Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
714797 11.24 285.49
7715197 11.24 285.49
7/16/97 11.24 285.49
M7/97 11.24 285.49
7/18/97 11.24 285.49
7119/97 11.24 285.49
7/120/97 11.24 285.49
7/21/97 11.24 285.49
7/22/97 11.24 285.49
7/23/97 11.24 285.49
7/24/97 11.24 285.49
7/25/97 0.41 11.65 10.41 295.90
7/26/97 11.65 295.90
7127197 11.65 295.90
7/28/97 11.65 295.90
7/29/97 11.65 295.90
7/30/97 0.02 11.67 0.51 296.40
7/31/97 1.34 5.52 13.01 34.04 140.20 330.44
8/1/97 13.01 330.44
8/2/97 13.01 330.44
8/3/97 13.01 330.44
8/4/97 13.01 330.44
8/5/97 0.42 13.43 10.67 341.11
8/6/97 13.43 341.11
8/7/97 0.10 13.53 2.54 343.65
8/8/97 13.53 343.65
8/9/97 13.53 343.65
8/10/97 13.53 343.65
8/11/97 13.53 343.65
8/12/97 1.16 14.69 29.46 373.11
8/13/97 14.69 373.11
8/14/97 14.69 373.11
8/15/97 14.69 373.11
8/16/97 14.69 373.11
8/17/97 14.69 373.11




Calendar {Rainfallf Monthly Running Rainfali | Monthly { Running Calendar |Rainfali] Monthly Running Rainfall | Monthly | Running

Daie Totals Yearly Totals Yearly Date Totals Yearly Totals Yearly
Total Total Total Total

m | () @m) | @m) | (um) (i) (@) (in) @mm) | (mm) | (mm)

8/18/97 0.02 14.71 0.51 373.62 9/22/97 1.09 18.00 27.69 457.19
8/19/97 14.71 373.62 9/23/97 0.21 18.21 5.33 462.53
8/20/97 14.71 373.62 9/24/97 18.21 46253
8/21/97 14.71 373.62 9/25/97 18.21 462.53
8/22/97 0.04 14.75 1.02 374.64 9/26/97 18.21 46253
8/23/97 0.01 14.76 0.25 374.89 927197 18.21 462.53
8/24/97 14.76 374.89 9/28/97 18.21 462.53
8/25/97 14.76 374.89 9/29/97 18.21 462.53
8/26/97 14.76 374.89 9/30/97 3.44 18.21 87.38 462.53
8/27/97 0.01 14.77 025 375.15 10/1/97 18.21 46253
8/28/97 14.77 375.15 10/2/97 18.21 462.53
8/29/97 14.77 375.15 10/3/97 18.21 46253
8/30/97 14.77 375.15 10/4/97 18.21 462.53
8/31/97 1.76 14.77 44.70 375.15 10/5/97 18.21 462.53
9/1/97 14.77 375.15 10/6/97 0.24 18.45 6.10 468.62
92197 1477 375.15 10/7/97 1.04 19.49 26.42 495,04
9/3/97 1.24 16.01 31.50 406.65 10/8/97 0.01 19.50 0.25 49530
974197 0.01 16.02 0.25 406.90 10/9/97 0.05 19.55 127 49657
9/5/97 16.02 406.90 10/10/97 0.01 19.56 0.25 496.82
9/6/97 16.02 406.90 10/11/97 0.04 19.60 1.02 497.84
97197 16.02 406.90 10/12/97 19.60 497.84
9/8/97 16.02 406.90 10/13/97 19.60 497.84
9/9/97 0.02 16.04 0.51 407.41 10/14/97 19.60 497.34
' 9/10/97 0.15 16.19 381 41122 10/15/97 19.60 497.84
9/11/97 16.19 411.22 10/16/97 19.60 497.84
9/12/97 0.01 16.20 0.25 41147 10/17/97 19.60 497.84
9/13/97 16.20 41147 10/18/97 19.60 497.84
9/14/97 16.20 411.47 10/19/97 19.60 497.84
9/15/97 16.20 41147 10/20/97 19.60 497.84
9/16/97 16.20 41147 10/21/97 19.60 497.84
9/17/97 16.20 41147 10122/97 0.30 19.90 7.62 505.46
9/18/97 16.20 411.47 10/23/97 0.01 19.91 0.25 505.71
9/19/97 16.20 41147 10/24/97 19.91 505.71
9/20/97 16.20 411.47 10/25/97 0.04 19.95 1.02 506.73
9/21/97 0.71 1691 18.03 429.50 10/26/97 19.95 506.73
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Calendar |Rainfall] Monthly | Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total

(in) (in) (in) (mm) (mm) (mm)

10/27/97 19.95 506.73
10/28/97 19.95 506.73
10/29/97 19.95 506.73
10/30/97 19.95 506.73
10/31/97 1.74 19.95 4420 506.73
11/1/97 19.95 506.73
11/2/97 19.95 506.73
11/3/97 19.95 506.73
11/4/97 19.95 506.73
11/5/97 19.95 506.73
11/6/97 19.95 506.73
11/7/97 19.95 506.73
11/8/97 19.95 506.73
11/9/97 19.95 506.73
11/10/97 19.95 506.73
11/11/97 0.12 20.07 3.05 509.77
11/12/97 0.08 20.15 2.03 511.81
11/13/97 0.01 20.16 0.25 512.06
11/14/97 20.16 512.06
11/15/97 20.16 512.06
11/16/97 20.16 512.06
11/17/97 20.16 512.06
11/18/97 20.16 512.06
11/19/97 20.16 512.06
11/20/97 20.16 512.06
11/21/97 20.16 512.06
11/22/97 20.16 512.06
11/23/97 20.16 512.06
11/24/97 0.14 20.30 3.56 515.62
11/25/97 20.30 515.62
11/26/97 20.30 515.62
11/27/97 20.30 515.62
11/28/97 20.30 515.62
11/29/97 20.30 515.62
11/30/97 0.35 20.30 8.89 515.62
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Calendar [Rainfalll Monthly | Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mmy) (mm)
12/1/97 20.30 515.62
1212197 0.38 20.68 9.65 52527
12/3/97 0.35 21.03 8.89 534.16
12/4/97 1.28 2231 32.51 566.67
12/5/97 0.53 22.84 13.46 580.13
12/6/97 22.84 580.13
12/7/97 0.03 22.87 0.76 580.89
12/8/97 22.87 580.89
12/9/97 22.87 580.89
12/10/97 22.87 580.89
12/11/97 22.87 580.89
12/12/97 22.87 580.89
12/13/97 22.87 580.89
12/14/97 22.87 580.89
12115197 22.87 580.89
12/16/97 22.87 580.89
12/17/97 22.87 580.89
12/18/97 22.87 580.89
12/19/97 22.87 580.89
12/20/97 0.49 23.36 12.45 593.34
12/21/97 23.36 593.34
12/22/97 0.26 23.62 6.60 599.94
12123197 0.23 23.85 5.84 605.78
12/24/97 23.85 605.78
12/25/97 0.06 2391 1.52 607.31
12/26/97 2391 607.31
12127197 2391 60731
12/28/97 2391 607.31
12/29/97 2391 607.31
12/30/97 2391 607.31
12/31/97 3.61 2391 91.69 607.31
1/1/98 0.00 0.00
172/98 0.00 0.00
1/3/98 0.00 0.00
1/4/98 0.08 0.08 2.03 2.03




Calendar [Rainfalll Monthly Running Rainfall [ Monthly | Running Calendar |Rainfall] Monthly Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly Date Totals Yearly Totals Yearly

Total Total Total Total

(in) (in) (in) (mm) (mm) (mm) (in) (in) (in) (mm) (mm) (mm)

1/5/98 0.08 2.03 2/9/98 0.12 3.05
176/98 0.08 2.03 2/10/98 0.12 3.05
1/7/98 0.08 2.03 2/11/98 0.12 3.05
1/8/98 0.08 2.03 2/12/98 0.12 305
1/9/98 0.08 2.03 2/13/98 0.12 3.05
1/10/98 0.08 2.03 2/14/98 0.12 3.05
1/11/98 0.08 2.03 2/15/98 0.01 0.13 0.25 3.30
1/12/98 0.08 2.03 2/16/98 0.13 330
1/13/98 0.08 2.03 2/17/98 0.13 3.30
1/14/98 0.08 2.03 2/18/98 0.13 3.30
1/15/98 0.08 2.03 2/19/98 0.13 3.30
1/16/98 0.08 2.03 2/20/98 0.13 3.30
1/17/98 0.08 2.03 2/21/98 0.13 3.30
1/18/98 0.08 2.03 2/22/98 0.13 3.30
1/19/98 0.08 2.03 2/23/98 0.13 3.30
1/20/98 0.08 2.03 2/24/98 0.13 3.30
1/21/98 0.08 2.03 2/25/98 0.13 3.30
1/22/98 0.08 2.03 2/26/98 0.13 3.30
1/23/98 0.08 2.03 2/27/98 0.13 3.30
1/24/98 0.08 2.03 2/28/98 0.05 0.13 1.27 3.30
1/25/98 0.08 2.03 3/1/98 0.13 3.30
1/26/98 0.08 2.03 3/2/98 0.13 330
1/27/98 0.08 2.03 3/3/98 0.13 3.30
1/28/98 0.08 2.03 3/4/98 0.13 3.30
1/29/98 0.08 2.03 3/5/98 0.13 3.30
1/30/98 0.08 2.03 3/6/98 0.13 330
1/31/98 0.08 0.08 2.03 2.03 3/7/98 0.13 3.30
2/1/98 0.08 2.03 3/8/98 0.13 330
2/2/98 0.08 2.03 3/9/98 0.13 3.30
2/3/98 0.08 2.03 3/10/98 0.13 330
2/4/98 0.04 0.12 1.02 3.05 3/11/98 0.13 330
2/5/98 0.12 3.05 3/12/98 0.13 3.30
2/6/98 0.12 3.05 3/13/98 0.13 330
2/7/98 0.12 3.05 3/14/98 0.13 330
2/8/98 0.12 3.05 3/15/98 0.13 3.30
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Calendar |Rainfall] Monthly | Running Rainfall | Monthly { Running
Date Totals Yearly Totals Yearly

Total Total

(in) (in) (in) (mm) (mm) (mm)

3/16/98 0.33 0.46 8.38 11.68
3/17/98 0.02 0.48 0.51 12.19
3/18/98 0.48 12.19
3/19/98 0.48 12.19
3/20/98 0.48 12.19
3/21/98 0.48 12.19
3/22/98 0.48 12.19
3/23/98 0.48 12.19
3/24/98 0.48 12.19
3/25/98 048 12.19
3/26/98 0.48 1219
3/27/98 0.48 12.19
3/28/98 0.48 12.19
3/29/98 0.48 12.19
3/30/98 048 12.19
3/31/98 0.35 0.48 8.89 12.19
4/1/98 0.48 12.19
4/2/98 0.48 12.19
4/3/98 0.48 12.19
4/4/98 0.48 12.19
4/5/98 0.48 12.19
4/6/98 0.48 12.19
4/7/98 0.48 12.19
4/8/98 0.48 12.19
4/9/98 0.48 12.19
4/10/98 0.48 12.19
4/11/98 0.48 12.19
4/12/98 048 12.19
4/13/98 0.48 12.19
4/14/98 0.48 12.19
4/15/98 0.48 12.19
4/16/98 0.48 12.19
4/17/98 0.04 0.52 1.02 13.21
4/18/98 0.52 13.21
4/19/98 0.52 13.21
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Calendar [Rainfalll Monthly Running Rainfall | Monthly | Running

Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
4/20/98 0.52 13.21
4/21/98 0.52 13.21
4/22/98 034 0.86 8.64 21.85
4/23/98 0.41 1.27 10.41 3226
4/24/98 1.27 3226
4/25/98 1.27 3226
4/26/98 1.27 3226
4/27/98 127 3226
4/28/98 1.27 3226
4/29/98 127 3226
4/30/98 0.79 127 20.07 3226
5/1/98 1.27 32.26
5/2/98 1.27 32.26
5/3/98 127 32.26
5/4/98 1.27 3226
5/5/98 1.27 3226
5/6/98 1.27 32.26
5/1/98 1.27 32.26
5/8/98 1.27 3226
5/9/98 1.27 32.26
5/10/98 127 32.26
5/11/98 1.27 3226
5/12/98 1.27 3226
5/13/98 1.27 3226
5/14/98 1.27 3226
5/15/98 1.27 32.26
5/16/98 1.27 3226
5/17/98 1.27 3226
5/18/98 1.27 32.26
5/19/98 0.09 1.36 2.29 34.54
5/20/98 1.36 34.54
5/21/98 1.36 3454
5/22/98 1.36 34.54
5/23/98 136 34.54
5/24/98 1.36 34.54




Calendar |Rainfalll Monthly Running Rainfall | Monthly | Running Calendar {Rainfall] Monthly Running Rainfall | Monthly | Running

Date Totals Yearly Totals Yearly Date Totals Yearly Totals Yearly
Total Total Total Total
(in) (in) (in) (mm) (mm) (mm) (in) (in) (in) (mm) (mm) (mm)
5/25/98 1.36 34.54 6/29/98 1.62 41.15
5/26/98 1.36 34.54 6/30/98 0.26 1.62 6.60 41.15
5/27/98 1.36 34.54 7/1/98 1.62 41.15
5/28/98 1.36 3454 7/2/98 0.01 1.63 0.25 41.40
5/29/98 1.36 34.54 7/3/98 1.63 41.40
5/30/98 1.36 3454 7/4/98 1.63 41.40
5/31/98 0.09 1.36 229 34.54 7/5/98 1.63 41.40
6/1/98 1.36 34.54 7/6/98 1.63 41.40
6/2/98 1.36 3454 77198 1.63 41.40
6/3/98 1.36 34.54 7/8/98 1.63 41.40
6/4/98 1.36 34.54 7/9/98 1.63 41.40
6/5/98 1.36 34.54 7/10/98 1.63 41.40
6/6/98 136 3454 7/11/98 1.63 41.40
6/7/98 1.36 34.54 7/12/98 0.01 1.64 0.25 41.65
6/8/98 136 34.54 7/13/98 0.28 1.92 7.11 48.76
6/9/98 136 3454 7/14/98 0.58 2.50 14.73 63.49
6/10/98 0.21 1.57 5.33 39.88 7/15/98 0.20 2.70 5.08 68.57
6/11/98 1.57 39.88 7/16/98 0.25 2.95 6.35 74.92
6/12/98 1.57 39.88 7/17/98 295 74.92
6/13/98 1.57 39.88 7/18/98 2.95 74.92
6/14/98 1.57 39.88 7/19/98 2.95 74.92
6/15/98 1.57 39.88 7/20/98 0.02 297 0.51 75.43
6/16/98 1.57 39.88 7/21/98 0.64 3.61 16.26 91.69
6/17/98 1.57 39.88 7/22/98 3.61 91.69
6/18/98 _ 1.57 39.88 7/23/98 3.61 91.69
6/19/98 1.57 39.88 7/24/98 3.61 91.69
6/20/98 1.57 39.88 7/25/98 3.61 91.69
6/21/98 1.57 39.88 7/26/98 0.11 372 2.79 94.49
6/22/98 1.57 39.88 7/27/98 3.72 94.49
6/23/98 1.57 39.88 7/28/98 3.72 94.49
6/24/98 0.05 1.62 1.27 41.15 7/29/98 372 94.49
6/25/98 1.62 41.15 . 7/30/98 372 94.49
6/26/98 1.62 41.15 7/31/98 0.08 2.18 3.80 2.03 55.37 96.52
6/27/98 1.62 41.15 8/1/98 3.80 96.52
6/28/98 1.62 41.15 8/2/98 3.80 96.52




Calendaf

Calendar [Rainfalll Monthly | Running Rainfall [ Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
8/3/98 3.80 96.52
8/4/98 3.80 96.52
8/5/98 0.44 424 11.18 107.70
8/6/98 0.01 425 0.25 107.95
8/7/98 425 107.95
8/8/98 425 107.95
8/9/98 425 107.95
8/10/98 425 107.95
8/11/98 425 107.95
8/12/98 4.25 107.95
8/13/98 0.08 433 2.03 109.98
8/14/98 433 109.98
8/15/98 433 109.98
8/16/98 433 109.98
8/17/98 433 109.98
8/18/98 433 109.98
8/19/98 433 109.98
8/20/98 0.21 454 533 11532
8/21/98 4.54 11532
8/22/98 4.54 115.32
8/23/98 4.54 11532
8/24/98 4.54 115.32
8/25/98 4.54 11532
8/26/98 4.54 11532
8/27/98 4.54 11532
8/28/98 0.21 4.75 533 120.65
8/29/98 4.75 120.65
8/30/98 4.75 120.65
8/31/98 0.95 4.75 24,13 120.65
9/1/98 475 120.65
9/2/98 475 120.65
9/3/98 4.75 120.65
9/4/98 4.15 120.65
9/5/98 4.75 120.65
9/6/98 4.75 120.65

Rainfall] Monthly Running Rainfall | Monthly | Runnming
Date Totals Yearly Totals Yearly
Total Total
) () (in) @m) | Gum) | (mm)

9/7/98 4.75 120.65

9/8/98 4.75 120.65

9/9/98 0.03 4.78 0.76 121.41
9/10/98 4.78 121.41
9/11/98 4.78 121.41
9/12/98 4.78 12141
9/13/98 4.78 121.41
9/14/98 0.06 4.84 1.52 122.94
9/15/98 4.84 122.94
9/16/98 4.84 122.94
9/17/98 4.84 122.94
9/18/98 4.84 122.94
9/19/98 4.84 122.94
9/20/98 4.84 122.94
9/21/98 4.84 12294
9/22/98 0.03 4.87 0.76 123.70
9/23/98 4.87 123.70
9/24/98 4.87 123.70
9/25/98 4.87 123.70
9/26/98 4.87 123.70
9/27/98 0.06 493 1.52 125.22
9/28/98 493 12522
9/29/98 0.19 5.12 4.83 130.05
9/30/98 0.37 5.12 9.40 130.05
10/1/98 0.72 5.84 18.29 148.34
10/2/98 5.84 148.34
10/3/98 5.84 148.34
10/4/98 5.84 148.34
10/5/98 5.84 148.34
10/6/98 5.84 148.34
10/7/98 5.84 148.34
10/8/98 5.84 148.34
10/9/98 5.84 148.34
10/10/98 5.84 148.34
10/11/98 5.84 14834




Calendar {Rainfall] Monthly | Running Rainfall [ Monthly [ Running Calendar |Rainfall] Monthly Running Rainfall | Monthly | Running
Date Taotals Yearly Totals Yearly Date Totals Yearly Totals Yearly
Total Total Total Total
(in) (in) (in) {(mm) (mm) (mm) (in) (in) (in) (mm) {mm) (mm)

10/12/98 5.84 148.34 11/16/98 7.34 186.44
10/13/98 5.84 148.34 11/17/98 7.34 186.44
10/14/98 5.84 148.34 11/18/98 7.34 186.44
10/15/98 5.84 148.34 11/19/98 7.34 186.44
10/16/98 5.84 148.34 11/20/98 7.34 186.44
10/17/98 5.84 148.34 11/21/98 1.34 186.44
10/18/98 5.84 148.34 11/22/98 7.34 186.44
10/19/98 5.84 148.34 11/23/98 7.34 186.44
10/20/98 0.27 6.11 6.86 155.20 11/24/98 7.34 186.44
10/21/98 0.11 6.22 2.79 157.99 11/25/98 7.34 186.44
10/22/98 0.02 6.24 051 158.50 11/26/98 7.34 186.44
10/23/98 6.24 158.50 11/27/98 7.34 186.44
10/24/98 6.24 158.50 11/28/98 7.34 186.44
10/25/98 6.24 158.50 11/29/98 0.14 7.48 3.56 189.99
10/26/98 6.24 158.50 11/30/98 0.16 7.48 4.06 189.99
10/27/98 0.30 6.54 7.62 166.12 12/1/98 7.48 189.99
10/28/98 6.54 166.12 12/2/98 7.48 189.99
10/29/98 6.54 166.12 12/3/98 0.06 7.54 1.52 191.52
10/30/98 0.37 6.91 9.40 175.52 12/4/98 7.54 191.52
10/31/98 0.41 2.20 7.32 10.41 55.88 185.93 12/5/98 7.54 191.52
11/1/98 7.32 185.93 12/6/98 7.54 191.52
11/2/98 7.32 185.93 12/7/98 7.54 191.52
11/3/98 7.32 185.93 12/8/98 7.54 191.52
11/4/98 7.32 185.93 12/9/98 7.54 191.52
11/5/98 7.32 185.93 12/10/98 7.54 191.52
11/6/98 0.02 7.34 0.51 186.44 12/11/98 0.16 7.70 4.06 195.58
11/7/98 7.34 186.44 12/12/98 7.70 195.58
11/8/98 7.34 186.44 12/13/98 7.70 195.58
11/9/98 7.34 186.44 12/14/98 7.70 195.58
11/10/98 7.34 186.44 12/15/98 7.70 195.58
11/11/98 7.34 186.44 12/16/98 7.70 195.58
11/12/98 7.34 186.44 12/17/98 7.70 195.58
11/13/98 7.34 186.44 12/18/98 0.02 1.72 0.51 196.09
11/14/98 7.34 186.44 12/19/98 7.72 196.09
11/15/98 7.34 186.44 12/20/98 7.72 196.09




Calendar |[Rainfall] Monthly | Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (i) (in) (mm) (mm) (mm)
12/21/98 7.72 196.09
12/22/98 7.72 196.09
12/23/98 7.72 196.09
12/24/98 1.72 196.09
12/25/98 1.72 196.09
12/26/98 7.72 196.09
12/27/98 7.72 196.09
12/28/98 1.72 196.09
12/29/98 7.72 196.09
12/30/98 1.72 196.09
12/31/98 024 71.72 6.10 196.09
1/1/99 0.00 0.00
172795 0.00 0.00
1/3/99 0.00 0.00
1/4/99 0.00 0.00
1/5/99 0.00 0.00
1/6/99 0.00 0.00
1/7/99 0.00 0.00
1/8/99 0.00 0.00
1/9/99 0.00 0.00
1/10/99 0.00 0.00
1/11/99 0.00 0.00
1/12/99 0.00 0.00
1/13/99 0.00 0.00
1/14/99 0.00 0.00
1/15/99 0.00 0.00
1/16/99 0.00 0.00
1/17/99 0.00 0.00
1/18/99 0.00 0.00
1/19/99 0.00 0.00
1/20/99 0.00 0.00
1/21/99 0.00 0.00
1/22/99 0.01 0.01 0.25 0.25
1/23/99 0.01 0.25
1/24/99 0.01 0.25
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Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
1/25/99 0.01 0.25
1/26/99 0.01 0.25
1/27/99 0.01 0.25
1/28/99 0.19 0.20 4.83 5.08
1/29/99 0.06 0.26 1.52 6.60
1/30/99 0.26 6.60
1/31/99 0.26 0.26 6.60 6.60
2/1/99 0.26 6.60
2/2/99 0.26 6.60
2/3/99 0.26 6.60
2/4/99 0.26 6.60
2/5/99 0.26 6.60
2/6/99 0.26 6.60
2/7/99 0.26 6.60
2/8/99 0.26 6.60
2/9/99 0.26 6.60
2/10/99 0.26 6.60
2/11/99 0.26 6.60
2/12/99 0.26 6.60
2/13/99 0.26 6.60
2/14/99 0.26 6.60
2/15/99 0.26 6.60
2/16/99 0.26 6.60
2/17/99 0.26 6.60
2/18/99 0.26 6.60
2/19/99 0.26 6.60
2/20/99 0.26 6.60
2/21/99 0.26 6.60
2/22/99 0.26 6.60
2/23/99 0.26 6.60
2/24/99 0.26 6.60
2/25/99 0.26 6.60
2/26/99 0.26 6.60
2/27/99 026 6.60
2/28/99 0.00 026 0.00 6.60




Calendar [Rainfall] Monthly Running Rainfall | Monthly | Running Calendar [Rainfall] Monthly Running Rainfall | Monthly | Running

Date Totals Yearly Totals Yearly Date Totals Yearly Totals Yearly
Total Total Total Total
) Gn) (i) @m | m) | (mm) (i) (@) (D) Gy | (mmy | (mm)
3/1/99 0.26 6.60 4/5/99 0.73 1854
3/2/99 0.26 6.60 4/6/99 0.73 18.54
3/3/99 0.26 6.60 4/7/199 0.73 18.54
3/4/99 0.26 6.60 4/8/99 0.73 18.54
3/5/99 0.26 6.60 4/9/99 0.73 18.54
3/6/99 0.26 6.60 4/10/99 0.73 18.54
3/7/99 0.03 0.29 0.76 7.37 4/11/99 0.73 18.54
3/8/99 0.01 0.30 0.25 7.62 4/12/99 121 1.94 30.73 4927
3/9/99 0.30 7.62 4/13/99 1.94 4927
3/10/99 0.30 7.62 4/14/99 1.94 4927
3/11/99 0.30 7.62 4/15/99 1.94 4927
3/12/99 0.30 7.62 4/16/99 1.94 4927
3/13/99 0.30 7.62 4/17/99 1.94 4927
3/14/99 0.30 7.62 4/18/99 1.94 49.27
3/15/99 0.30 7.62 4/19/99 1.94 4927
3/16/99 0.30 7.62 4/20/99 1.94 49.27
3/17/99 0.04 0.34 1.02 8.64 4/21/99 194 4927
3/18/99 0.34 8.64 4/22/99 1.94 49.27
3/19/99 0.34 8.64 4/23/99 1.94 49.27
3/20/99 0.34 8.64 4/24/99 0.10 2.04 2.54 51.81
3/21/99 0.34 8.64 4/25/99 0.01 2.05 0.25 52.06
3/22/99 0.34 8.64 4/26/99 2.05 52.06
3/23/99 0.34 8.64 472799 2.05 52.06
3/24/99 0.34 8.64 4/28/99 2.05 52.06
3/25/99 0.34 8.64 4/29/99 2.05 52.06
3/26/99 0.36 0.70 9.14 17.78 4/30/99 0.16 148 221 4.06 37.59 56.13
3/27/99 0.03 0.73 0.76 18.54 5/1/99 221 56.13
3/28/99 0.73 18.54 5/2/99 221 56.13
3/29/99 0.73 18.54 5/3/99 221 56.13
3/30/99 0.73 18.54 5/4/99 221 56.13
3/31/99 0.47 0.73 11.93 18.54 5/5/99 221 56.13
4/1/99 0.73 18.54 5/6/99 221 56.13
4/2/99 0.73 18.54 5/7/99 221 56.13
4/3/99 0.73 18.54 5/8/99 2.21 56.13
4/4/99 0.73 18.54 5/9/99 221 56.13




Calendar [Rainfall| Monthly Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
5/10/99 221 56.13
5/11/99 221 56.13
5/12/99 221 56.13
5/13/99 221 56.13
5/14/99 221 56.13
5/15/99 221 56.13
5/16/99 221 56.13
5/17/99 221 56.13
5/18/99 221 56.13
5/19/99 221 56.13
5/20/99 221 56.13
5121199 0.28 2.49 711 63.24
5/22/99 0.08 2.57 2.03 65.27
5/23/99 0.03 2.60 0.76 66.03
5/24/99 0.86 3.46 21.84 87.87
525199 3.46 87.87
5/26/99 0.16 3.62 4.06 9193
5127199 3.62 91.93
5/28/99 0.17 3.79 432 96.25
5/29/99 0.24 4.03 6.10 102.35
5/30/99 4.03 102.35
5/31/99 1.82 4.03 46.22 102.35
6/1/99 4.03 102.35
6/2/99 4.03 102.35
6/3/99 4.03 102.35
6/4/99 4.03 102.35
6/5/99 4.03 102.35
6/6/99 4.03 102.35
6/7/99 4.03 102.35
6/8/99 0.59 4.62 14.99 117.34
6/9/99 4.62 117.34
6/10/99 4.62 117.34
6/11/99 4.62 117.34
6/12/99 4.62 117.34
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Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)

6/13/99 0.23 4.85 5.84 123.18
6/14/99 4.85 123.18
6/15/99 4.85 123.18
6/16/99 4.85 123.18
6/17/99 0.68 5.53 17.27 140.45
6/18/99 5.53 140.45
6/19/99 0.19 5.72 4.83 145.28
6/20/99 0.27 5.99 6.86 152.13
6/21/99 0.10 6.09 2.54 154.67
6/22/99 0.02 6.11 0.51 155.18
6/23/99 6.11 155.18
6/24/99 6.11 155.18
6/25/99 6.11 155.18
6/26/99 6.11 155.18
6/27/99 6.11 155.18
6/28/99 6.11 155.18
6/29/99 6.11 155.18
6/30/99 2.08 6.11 52.83 155.18
7/1/99 6.11 155.18
712/99 6.11 155.18
7/3/199 6.11 155.18
7/4/99 6.11 155.18
7/5/99 6.11 155.18
7/6/99 6.11 155.18
7/7/99 0.05 6.16 127 156.45
7/8/99 6.16 156.45
7/9/99 6.16 156.45
7710/99 0.21 6.37 533 161.79
7/11/99 6.37 161.79
7/12/99 6.37 161.79
7/13/99 6.37 161.79




Calendar [Rainfalll Monthly Running Rainfall | Monthly | Running Calendar |[Rainfall] Monthly Running Rainfall | Monthly { Running
Date Totals Yearly Totals Yearly Date Totals Yearly Totals Yearly
Total Total Total Total
(in) (in) (in) (mm) (mm) (mm) (in) (in) (in) (mm) (mm) (mnm)

7/14/99 6.37 161.79 8/14/99 7.75 196.84
7/15/99 6.37 161.79 8/15/99 1.75 196.84
7/16/99 6.37 161.79 8/16/99 1.75 196.84
7117/99 6.37 161.79 8/17/99 7.75 196.84
7/18/99 6.37 161.79 8/18/99 7.75 196.84
7/19/99 6.37 161.79 8/19/99 1.75 196.84
7120/99 6.37 161.79 8/20/99 7.75 196.84
7/21/99 6.37 161.79 8/21/99 7.75 196.84
7/22/99 6.37 161.79 8/22/99 0.0t 7.76 0.25 197.10
7/23/99 6.37 161.79 8/23/99 7.76 197.10
7124199 0.44 6.81 11.18 172.97 8/24/99 0.08 7.84 2.03 199.13
7125199 6.81 172.97 8/25/99 0.14 7.98 3.56 202.68
7/26/99 6.81 17297 8/26/99 7.98 202.68
7127199 6.81 172.97 8/27/99 7.98 202.68
7/28/99 0.16 6.97 4.06 177.03 8/28/99 7.98 202.68
7/29/99 6.97 177.03 8/29/99 7.98 202.68
7/30/99 6.97 177.03 8/30/99 7.98 202.68
7131/99 0.17 1.03 7.14 432 26.17 181.35 8/31/99 0.84 7.98 21.34 202.68
8/1/99 7.14 181.35 9/1/99 7.98 202.68
8/2/99 7.14 181.35 9/2/99 7.98 202.68
8/3/99 0.01 7.15 0.25 181.60 9/3/99 7.98 202.68
8/4/99 0.03 7.18 0.76 182.36 9/4/99 798 202.68
8/5/99 7.18 182.36 9/5/99 7.98 202.68
8/6/99 7.18 182.36 9/6/99 0.35 833 8.89 211.57
8/1/99 0.55 7.73 13.97 196.33 9/7/99 833 211.57
8/8/99 7.73 196.33 9/8/99 0.03 8.36 0.762 212.34
8/9/99 7.73 196.33 9/9/99 8.36 21234
8/10/99 7.73 196.33 9/10/99 8.36 212.34
8/11/99 7.73 196.33 9/11/99 8.36 212.34
8/12/99 1.73 196.33 9/12/99 8.36 212.34
8/13/99 0.02 7.75 0.51 196.84 9/13/99 8.36 212.34
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Calendar [Rainfallf Monthly | Running Rainfall | Monthly { Running
Date Totals Yearly Totals Yearly
Total Total

(in) (in) (in) (mm) (mm) (mm)

9/14/99 8.36 212.34
9/15/99 8.36 212.34
9/16/99 8.36 212.34
9/17/99 8.36 212.34
9/18/99 8.36 21234
9/19/99 0.22 8.58 5.588 217.92
9/20/99 0.01 8.59 0.254 218.18
9/21/99 8.59 218.18
9/22/99 8.59 218.18
9/23/99 8.59 218.18
9/24/99 8.59 218.18
9/25/99 8.59 218.18
9/26/99 8.59 218.18
9/27/99 8.59 218.18
9/28/99 8.59 218.18
9/29/99 8.59 218.18
9/30/99 0.61 8.59 15.49 218.18
10/1/99 8.59 218.18
10/2/99 8.59 21818
10/3/99 8.59 218.18
10/4/99 8.59 218.18
10/5/99 8.59 218.18
10/6/99 8.59 218.18
10/7/99 8.59 218.18
10/8/99 8.59 218.18
10/9/99 8.59 218.18
10/10/99 0.04 8.63 1.016 219.19
10/11/99 8.63 219.19
10/12/99 8.63 219.19
10/13/99 8.63 219.19
10/14/99 8.63 219.19
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Calendar [Rainfalll Monthly | Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) | (mm) (mm)

10/15/99 8.63 219.19
10/16/99 8.63 219.19
10/17/99 8.63 219.19
10/18/99 8.63 219.19
10/19/99 8.63 219.19
10/20/99 0.05 8.68 1.27 220.46
10/21/99 8.68 220.46
10/22/99 8.68 220.46
10/23/99 8.68 220.46
10/24/99 8.68 220.46
10/25/99 8.68 220.46
10/26/99 3.68 220.46
10/27/99 8.68 220.46
10/28/99 8.68 220.46
10/29/99 8.68 220.46
10/30/99 8.68 220.46
10/31/99 0.09 8.68 229 220.46
11/1/99 8.68 220.46
11/2/99 8.68 220.46
11/3/99 8.68 220.46
11/4/99 8.68 220.46
11/5/99 8.68 220.46
11/6/99 8.68 220.46
11/7/99 8.68 220.46
11/8/99 8.68 220.46
11/9/99 8.68 220.46
11/10/99 8.68 220.46
11/11/99 8.68 220.46
11/12/99 8.68 220.46
11/13/99 8.68 220.46
11/14/99 8.68 220.46




Calendar [Rainfall] Monthly | Running Rainfall | Monthly | Running
Date Toials Yearly Totals Yearly
Total Total

(in) (in) (in) (mm) (mm) (mm)
11/15/99 8.68 220.46
11/16/99 8.68 220.46
11/17/99 8.68 220.46
11/18/99 8.68 220.46
11/19/99 8.68 220.46
11/20/99 8.68 220.46
11/21/99 8.68 220.46
11722/99 8.68 220.46
11/23/99 8.68 220.46
11/24/99 8.68 220.46
11/25/99 8.68 220.46
11/26/99 8.68 220.46
11/27/99 8.68 220.46
11/28/99 8.68 220.46
11/29/99 8.68 220.46
11/30/99 0.00 8.68 0.00 220.46
12/1/99 8.68 220.46
12/2/99 8.68 220.46
12/3/99 8.68 220.46
12/4/99 8.68 220.46
12/5/99 8.68 220.46
12/6/99 8.68 220.46
12/7/99 8.68 220.46
12/8/99 8.68 220.46
12/9/99 8.68 220.46
12/10/99 8.68 220.46
12/11/99 8.68 220.46
12/12/99 8.68 220.46
12/13/99 8.68 220.46
12/14/99 8.68 220.46
12/15/99 8.68 220.46
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Calendar |Rainfall] Monthly | Running Rainfall| Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
12/16/99 8.68 220.46
12/17/99 8.68 220.46
12/18/99 8.68 220.46
12/19/99 8.68 220.46
12/20/99 8.68 22046
12/21/99 8.68 220.46
12/22/99 8.68 220.46
12/23/99 8.68 220.46
12/24/99 8.68 220.46
12/25/99 8.68 22046
12/26/99 8.68 220.46
12/27/99 8.68 220.46
12/28/99 8.68 220.46
12/29/99 8.68 22046
12/30/99 8.68 220.46
12/31/99 0.00 8.68 0.00 220.46
1/1700 0.00 0.00
1/2/00 0.00 0.00
1/3/00 0.00 0.00
1/4/00 0.00 0.00
1/5/00 0.00 0.00
1/6/00 0.00 0.00
1/7/00 0.01 0.01 0.254 0.25
1/8/00 0.01 0.25
1/9/00 0.01 0.25
1/10/00 0.01 0.25
1/11/00 0.01 0.25
1/12/00 0.01 025
1/13/00 0.01 0.25
1/14/00 0.01 0.25
1/15/00 0.01 0.25




Calendar [Rainfall] Monthly | Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly
Total Total
(in) (in) (in) (mm) (mm) (mm)
1/16/00 0.01 0.25
1/17/00 0.01 025
1/18/00 0.01 0.25
1/19/00 0.01 0.25
1/20/00 0.01 0.25
1/21/00 0.01 0.25
1/22/00 0.01 0.25
1/23/00 0.01 0.25
1/24/00 0.01 0.25
1/25/00 0.01 0.25
1/26/00 0.01 0.25
1/27/00 0.01 0.25
1/28/00 0.01 0.25
1/29/00 0.01 0.25
1/30/00 0.01 0.25
1/31/00 0.01 0.01 0.25 0.25
2/1/00 0.01 0.25
2/2/00 0.01 0.25
2/3/00 0.01 0.25
2/4/00 0.01 0.25
2/5/00 0.01 0.25
2/6/00 0.01 0.25
2/7/00 0.01 0.25
2/8/00 0.01 0.25
2/9/00 0.01 0.25
2/10/00 0.0t 0.25
2/11/00 0.0t 025
2/12/00 0.01 025
2/13/00 0.01 0.25
2/14/00 0.01 025
2/15/00 0.01 025
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Calendar [Rainfall] Monthly Running Rainfall | Monthly | Running
Date Totals Yearly Totals Yearly

Total Total

(in) (in) (in) (mm) (mm) (mm)
2/16/00 0.01 0.25
2/17/00 0.01 0.25
2/18/00 0.01 0.25
2/19/00 0.01 0.25
2/20/00 0.01 0.25
2/21/00 0.01 0.25
2/22/00 0.01 0.25
2/23/00 0.01 0.25
2/24/00 0.01 0.25
2/25/00 0.01 0.25
2/26/00 0.01 0.25
2/27/00 0.01 0.25
2/28/00 0.01 0.25
2/29/00 0.00 0.01 0.00 0.25




Appendix F: WIPP STAR Data

1997:
Direction Class 1-3 4-6 7-10 11-16 17-21 >21
N A 0.00006 0.00094 0.00318 0.0024 0.00017 0.00011
NNE A 0.00003 0.00072 0.00232 0.00258 0.00069 0.00003
NE A 0.00009 0.00069 0.00263 0.00183 0.00109 0.00066
ENE A 0.00006 0.0008 0.00215 0.00186 0.00054 0.00026
E A 0.00011 0.00086 0.00398 0.00326 0.00023 0.0002
ESE A 0.00009 0.0016 0.00844 0.0051 0.00023 0
SE A 0.00006 0.00301 0.01271 0.01134 0.00023 0
SSE A 0.00003 0.00392 0.01546 0.01156 0.00009 0
S A 0.00014 0.00352 0.01417 0.0051 0.00014 0
SSwW A 0.00006 0.00326 0.0081 0.00263 0.00014 0
Sw A 0.00029 0.00326 0.00595 0.00195 0.0002 0
WSwW A 0.00011 0.00364 0.0053 0.00335 0.00103 0.00043
A A 0.00014 0.0016 0.00386 0.00378 0.00318 0.0026
WNW A 0.00009 0.002 0.00286 0.00112 0.00054 0.00006
NW A 0 0.00152 0.0026 0.00263 0.00034 0
NNW A 0.00003 0.00123 0.0026 0.00306 0.00014 0
N B 0 0.0008 0.00094 0.00057 0.00003 0
NNE B 0 0.00034 0.00074 0.00043 0.00003 0
NE B 0 0.0004 0.0008 0.00026 0.00006 0.00006
ENE B 0.00003 0.00046 0.0008 0.00052 0.00011 0.00003
E B 0.00006 0.00086 0.00215 0.00037 0.00006 0.00006
ESE B 0.00009 0.00112 0.0024 0.00103 0.00003 0
SE B 0.00009 0.00172 0.00358 0.00157 0.00006 0
SSE B 0.00014 0.00203 0.00278 0.00112 0.00006 0
S B 0.00011 0.00226 0.00186 0.00043 0 0
SSW B 0.00009 0.00229 0.00126 0.0002 0 0
SW B 0.00014 0.002 0.00103 0.0002 0 0
WsSwW B 0.00017 0.00203 0.00086 0.00052 0.00017 0
W B 0.00009 0.00157 0.00074 0.00052 0.00031 0.00029
WNW B 0.00009 0.00209 0.00057 0.00009 0.00003 0.00003
NwW B 0.00003 0.00143 0.0014 0.00052 0.00014 0
NNW B 0.00009 0.0008 0.00092 0.00052 0.00003 0
N C 0.00003 0.00089 0.00089 0.00063 0.00029 0
NNE C 0.00011 0.00089 0.00086 0.00046 0.00017 0.00003
NE C 0.00006 0.00029 0.00049 0.00017 0.00011 0.00014
ENE C 0.00006 0.00072 10.00077 0.00057 0.0002 0.00009
E C 0.00011 0.0012 0.00155 0.00043 0.00009 0.00003
ESE C 0.00017 0.00146 0.00229 0.00072 0.00006 0
SE C 0.00017 0.00146 0.00266 0.00175 0.00009 0
SSE C 0.00017 0.00157 0.00252 0.00083 0 0
S C 0.00029 0.002 0.00126 0.00034 0.00009 0
SSW C 0.00017 0.00189 0.00094 0.00011 0 0
Sw C 0.0004 0.00206 0.00037 0.00014 0 0
WSW C 0.00031 0.002 0.0006 0.00029 0.00017 0.00011
W C 0.0002 0.00198 0.00046 0.00029 0.0004 0.0004
WNW C 0.00034 0.002 0.00069 0.00011 0 0
NwW C 0.00023 0.00198 0.00074 0.00049 0.00003 0
NNW C 0.00017 0.00097 0.00077 0.00026 0.00003 0
N D 0.0006 0.00295 0.00458 0.00364 0.00072 0
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Direction
NNE
NE
ENE
E
ESE
SE
SSE

SSw
SwW
WSW

ESE
SE
SSE

SSwW
SW
WswW

Class

Qogmoomom'ﬂmm'-n-n_-n—n-n—nv-nm'nm-n-nmrnmmmmmmmmmmmmmmccccccuUUGUUUUU

1-3
0.00069
0.00094

0.001
0.00092
0.00086
0.00109
0.00132
0.00112
0.00083
0.00163
0.00186

0.0018
0.00209
0.00163
0.00114
0.00066
0.00049
0.00083
0.00049
0.00146
0.00103
0.00106
0.00089
0.00132
0.00074
0.00072
0.00049
0.00092
0.00092
0.00066
0.00052
0.00097
0.00109
0.00083
0.00086
0.00137
0.00146
0.00169
0.00175
0.0018
0.00129
0.00074
0.00074
0.0008
0.00126
0.00114
0.00054
0.00106
0.00152
0.0016
0.00114
0.00183
0.00195
0.00272
0.00172

4-6
0.00172
0.00212
0.00252
0.00303
0.00421
0.00467
0.00409
0.00386
0.00226
0.00166
0.00255
0.00281
0.00323
0.00395
0.00283
0.00289
0.00189
0.00166

0.0012
0.00326
0.00404
0.00429
0.00392
0.00306
0.00175
0.00126
0.00072
0.00114
0.00152
0.00149
0.00246
0.00266

0.0024
0.00266
0.00189
0.00238
0.00518
0.00716
0.00538
0.00235
0.00155
0.00117
0.00112
0.00117

0.0014
0.00135
0.00278
0.00303
0.00561
0.00621
0.00312
0.00364
0.01108
0.01168
0.00564

7-10
0.00504
0.00369
0.00415
0.00799
0.00916
0.00839
0.00799
0.00426
0.00135
0.00077
0.00135
0.00077
0.00077

0.0022
0.00292
0.00338
0.00175
0.00192
0.00281
0.00547
0.01534
0.02038
0.00822
0.00229
0.00103
0.00083
0.00177
0.00157
0.00106
0.00135
0.00203
0.00169

0.0014
0.00157
0.00198
0.00469
0.01815
0.01397
0.00329
0.00049

£ 0.00031

0.00052
0.00186
0.00175
0.00052
0.00074
0.00203
0.00358
0.00472
0.00495
0.00452
0.01002
0.03194
0.0142
0.00272
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11-16
0.00653
0.00278
0.00398
0.00647
0.00678

0.0073
0.00358
0.00117
0.00083
0.00046

0.001
0.00186
0.00066
0.00083
0.00252
0.00106
0.00135
0.00135
0.00395

0.0073
0.01351
0.02433

0.0065
0.00011
0.00026
0.00029
0.00146
0.00303

0.0004

0.0004
0.00034
0.00023
0.00017

0.0002
0.00029
0.00209
0.00218
0.00097
0.00026
0.00003
0.00003

0

0.0006
0.00112
0.00029
0.00009
0.00043
0.00009
0.00006

0
0.00011
0.00089
0.00026
0.00009
0

17-21
0.001
0.00109
0.00229
0.00212
0.00074
0.00123
0.00046
0.00006
0
0.00009
0.00052
0.00149
0.00023
0.00011
0.00052
0.00011
0.00006
0.00034
0.00026
0.00103
0.00069
0.00106
0.0004
0
0
0
0.00011
0.00083
0.00006
0
0.00011
0
0
0
0
0.00009
0.00011
0.00003
0.00006
0
0
0.00003
0
0
0
0
0.00006
0
0
0
0
0.00003
0
0.00003
0

>21

0.00003
0.00094
0.00066
0.00026

0
0.00011

0

0

0

0
0.00009
0.00037

0

0

0

0
0.00003
0.00026
0.0002

0
0.00003
0.00009
0.00009

0

0

0

0
0.00011

0
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Direction Class 1-3 4-6 7-10 11-16 17-21 >21

S G 0.00192 0.00326 0.0006 0 0 0
SSW G 0.00109 0.00152 0.00049 0 0 0
SwW G 0.00057 0.00094 0.00026 0 0 0
WSW G 0.00063 0.00043 0.00086 0.00006 0 0
w G 0.00074 0.00132 0.00052 0.00017 0 0
WNW G 0.00097 0.001 0.00034 0 0 0
NW G 0.000%94 0.00097 0.00052 0.60003 0 0
NNW G 0.00092 0.00092 0.00146 0 0.00003 0
1998:
Direction Class 1-3 4-6 7-16 11-16 17-21 >21
N A 0 0.00071 0.00263 0.0028 0.00077 0.00006
NNE A 0 0.00077 0.00223 0.00091 0.00014 0
NE A 0 0.00086 0.00251 0.00083 0.0002 0
ENE A 0.00003 0.00106 0.00325 0.00126 0 0
E A 0.00003 0.00114 0.00539 0.00206 0.00006 0
ESE A 0.00003 0.00191 0.00819 0.0026 0 0
SE A 0.00011 0.00305 0.01047 0.00631 0.00054 0.00046
SSE A 0 0.00385 0.01299 0.01059 0.00157 0.00003
S A 0.00009 0.00371 0.0163 0.00805 0.00026 0
SSW A 0.00014 0.0036 0.01296 0.00391 0.00034 0.00003
SwW A 0.00006 0.00325 0.00756 0.00431 0.00126 0.00029
WSW A 0.00006 0.00303 0.00739 0.00782 0.00351 0.00177
W A 0.00009 0.00283 0.00568 0.00928 0.00428 0.00534
WNW A 0 0.00297 0.00642 0.00294 0.0006 0.0002
NW A 0 0.0016 0.00485 0.00268 0.0004 0
NNW A 0.00003 0.001 0.00328 0.00351 0.00088 0.00054
N B 0.00003, 0.00083 0.00103 0.00049 0.00006 0.00006
NNE B 0.00011 0.00091 0.00071 0.00006 0.00003 0
NE B 0 0.00057 0.00083 0.00011 0.00003 0.00014
ENE B 0.00003 0.00043 0.00054 0.00014 0 0
E B 0 0.00097 0.0006 0.00043 0 0
ESE B 0.00003 0.00106 0.00108 0.00017 0 0
SE B 0 0.00166 0.00186 0.00086 0 0.00003
SSE B 0 0.00151 0.00194 0.00134 0.00009 0
S B 0 0.00174 0.00203 0.00054 0.00006 0
SSwW B 0.00003 0.00206 10.00128 0.00034 0.00006 0
SwW B 0.00017 0.00183 0.00106 0.00023 0.00009 0
WSW B 0.00014 0.00168 0.00043 0.00083 0.00023 0.0002
w B 0.00009 0.00166 0.00046 0.0006 0.00051 0.00054
WNW B 0.00009 0.00188 0.0012 0.00006 0.00006 0.00003
NW B 0.00003 0.00154 0.00106 0.00026 0.00006 0.00003
NNW B 0.00006 0.00126 0.00083 0.00083 0.00003 0.00003
N C 0.00009 0.0008 0.00074 0.00043 0.00009 0
NNE C 0.00009 0.00069 0.00049 0.00011 0.00006 0
NE C 0.00014 0.00063 0.00074 0.00006 0.00003 0.00006
ENE C 0.00009 0.00103 0.00054 0.00026 0.00006 0
E C 0.00009 0.00083 0.00069 0.00054 0.00006 0.00003
ESE C 0.00006 0.00126 0.00103 0.00063 0.00003 0
SE C 0.00011 0.00163 0.00148 0.0008 0.00009 0.00003
SSE C 0.00011 0.0016 0.0018 0.0008 0.00006 0
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Direction
S
SSw
SW
WSwW
w
WNW
NwW
NNW
N
NNE
NE
ENE
E
ESE
SE
SSE

SSwW

SwW
WSW

SSE

SSW

SSE

SSwW
Sw
WSW

Class

G I B T T T e I T T B - B B B> B o> B > B e Bl e s B e Bl o2 B e B > Bl - Ml o Bl o B s B s B s B B e B v B v Bl v Bl w Bl v Elw v llv BlvBlv v BvEv oo e NoNoNoNoRe MO RO NS

1-3
0.00011
0.0002
0.00031
0.00014
0.00029
0.00014
0.00029
0.00006
0.00069
0.00088
0.00063
0.0004
0.00066
0.00077
0.00088
0.00117
0.00088
0.00097
0.00094
0.00108
0.00137
0.0012
0.0014
0.00074
0.00069
0.00074
0.0008
0.0006
0.00128
0.00168
0.00197
0.00171
0.00325
0.00083
0.00083
0.00077
0.00049
0.00083
0.00074
0.00283
0.00123
0.0016
0.00186
0.00151
0.00131
0.00177
0.00168
0.00183
0.0018
0.00126
0.00106
0.00083
0.00094
0.00108
0.00114

46
0.00134
0.00131
0.00168
0.00171
0.00168
0.00168
0.00157
0.00146
0.00174
0.00203
0.00168
0.00126
0.00254
0.00303
0.00257
0.00271
0.00217
0.00223
0.00228
0.00248
0.00208
0.00203
0.0026
0.00194
0.00251
0.00168
0.00146
0.00183
0.00214
0.00451
0.00468
0.00328
0.00231
0.00171
0.00168
0.00143
0.00151
0.00123
0.00163
0.002
0.00288
0.00328
0.0032
0.00191
0.00274
0.00631
0.00808
0.00605
0.00382
0.00211
0.00146
0.00188
0.00183
0.0022
0.00248

7-10
0.00146
0.00077
0.00046
0.00043
0.00049
0.00046
0.00077

0.0006
0.00231
0.00191
0.00251

0.0022
0.00334
0.00385
0.00591
0.00448
0.00191
0.00111
0.00094

0.0014
0.00071
0.00046
0.00157
0.00288
0.00348

0.0022
0.00163
0.00283
0.00534
0.00808
0.01892
0.00879
0.00251

0.0012
0.00134

0.0022
0.00251
0.00168
0.00174
0.00223
0.00191

10.00143

0.00134
0.00225
0.00482
0.01353
0.01282
0.0046
0.00106
0.0006
0.00074
0.00174
0.00217
0.00168
0.00137

103

11-16
0.00037
0.00014

0.0004
0.00037
0.00063

0.0002
0.00026
0.00026
0.00211
0.00123
0.00183

0.0012
0.00331
0.00271
0.00597
0.00411
0.00083
0.00051
0.00083
0.00166
0.00194
0.00117
0.00134

0.0028
0.00103
0.00069

0.0012
0.00511
0.00502
0.00831
0.01658
0.00742

0.0006
0.00031
0.00046
0.00157
0.00514
0.00188
0.00106
0.00103
0.00014
0.00023
0.00014
0.00029
0.00106

0.0034
0.00154
0.00057
0.00011
0.00017

0
0.00029
0.00091
0.00031
0.00037

17-21
0
0
0
0.00031
0.00034
0.00003
0.00006
0
0.00031
0.0004
0.00083
0.00049
0.00163
0.00128
0.00194
0.0018
0.00014
0.0002
0.00009
0.00077
0.00234
0.00063
0.00026
0.00031
0.00009
0.00003
0.00006
0.0002
0.00074
0.00051
0.00137
0.00097
0.00003
0.00006
0
0.00014
0.00051
0.00011
0.00017
0.00006
0
0.00003
0
0.00006
0.00006
0.00003
0.00003
0
0
0
0
0.00003
0
0.00003
0

>21

0

0

0
0.00017
0.00031
0.00003
0.00003
0.00003
0.00011

0
0.00003

0
0.00037
0.00006
0.00051

0

0
0.00003

0
0.00026
0.00131
0.00017
0.00011
0.00011

0

0

0

0
0.00011

0
0.00029
0.00017

0

COoO oo oo oL

0
0.00003
0.00009

0

[T = - I - I

0
0.00003
0




Direction
NNW
N

1999:

Direction
N

NNE
NE
ENE
E
ESE
SE
SSE

SSwW

SwW
WSW

SSE

SSW

W W wwmWEwwWwEW e > > P

Class

o000

Class

1-3
0.00131
0.00106
0.00114
0.00131
0.00131
0.00188
0.00237

0.0022
0.00157
0.00191

0.0014

0.001
0.00054
0.00094
0.00106
0.00151
0.00088

0
0
0.00003
0
0
0
0.00006
0.00003
0.00003
0.00012
0.00012
0.00006
0.00006
0.00003
0
0
0
0.00006
0.000006
0.00006
0.00003
0.00003
0.00006
0.00006
0.00012
0.00012

4-6
0.00231
0.00271
0.00445
0.00559
0.00431
0.00602
0.01367
0.01367
0.00776
0.00514

0.0022
0.0012
0.00117
0.00146
0.00146
0.00151
0.00177

4-6
0.0012

0.00111
0.00111
0.00105
0.00096
0.00152
0.00254
0.00356
0.004
0.00608
0.004
0.00304
0.00266
0.00199
0.00143
0.00134
0.00111
0.00082
0.00061
0.00061
0.00056
0.00082
0.00167
0.00178
0.0026
0.00295

7-10
0.00243
0.00283
0.00357

0.0042
0.00625
0.01244
0.03539
0.02181
0.00454

0.0018
0.00046
0.00051
0.00128

0.0018
0.00206
0.00094
0.00174

7-10
0.00371
0.00251
0.00178
0.00248
0.00497
0.00681
0.01309
0.01306
0.01551

0.0123
0.00692
0.00657
0.00374
0.00272
0.00283

0.0031
0.00108
0.00085
0.00041

0.0005
0.00117
0.00143
0.00213
0.00187
0.00199
0.00158

104

11-16
0.00026
0.0002
0.00003
0.00006
0.00003
0.00168
0.00137
0.00066
0.0004
0.00003
0.00006
0
0.00006
0.00011
0.00003
0.00009
0.00023

11-16
0.00348
0.00333
0.00263
0.00199
0.00199
0.00333
0.01247
0.01294
0.00768
0.00462
0.00406
0.00611
0.00701
0.00213

0.0014
0.00286
0.00047
0.00035
0.00035
0.00026
0.00026
0.00093
0.00117
0.00129
0.00096
0.00041

17-21
0

(=T R I e

0
0.00006
0

[—=R T = B e 2 - I = A =

0
0.00003

17-21
0.00073
0.00035

0.0002
0.00023
0.00105
0.00041
0.00196
0.00169
0.00064
0.00108
0.00184
0.00307
0.00272
0.00012
0.00012
0.00079
0.00006
0.00003
0.00006
0.00012
0.00006
0.00006
0.00029
0.00012
0.00003
0.00003

>21
0.00003

o

[T - T e B = B e 2K =K~ I o B o I - T e B o i )

0
0.00003

>21
0.00023

0.00003
0.00003
0.00012
0.00023
0.00009
0.00023
0.00003
0.00006
0.00044
0.00096
0.00038
0.00222
0.00006

0
0.00167
0.00003

0

0

0
0.00006
0.00009
0.00003

0

0

0




Direction 13 4-6 7-10 11-16 1721 >21

SW B 0.00029 0.00199 0.00105 0.00038 0.00015 0.00003

WSW B 0.00029 0.00219 0.00073 0.00064 0.00023 0.00015
B 0.00018 0.00167 0.0007 0.00038 0.00047 0.00023
B 0.00015 0.00172 0.00061 0.0002 0.00009 0
B 0.00003 0.00149 0.00099 0.0002 0 0.00003
B 0 0.00117 0.00079 0.00038 0.00018 0.00009
C 0.00006 0.00108 0.00044 0.00058 0.00009 0
C 0.00009 0.00085 0.00064 0.00056 0 0.00003
C 0.00003 0.00091 0.00047 0.00067 0.00009 0.00003
C 0.00009 0.00053 0.00079 0.00018 0.00012 0
C 0.0002 0.00079 0.00079 0.00029 0.00009 0.00003
C 0.00003 0.00102 0.0012 0.00067 0.00006 0.00006
C 0.0002 0.0014 0.00172 0.00117 0.00009 0
C 0.00029 0.00155 0.00152 0.0012 0 0
C 0.00006 0.00164 0.00134 0.00053 0 0
C 0.00032 0.00193 0.0007 0.00041 0.00003 0
C 0.00015 0.00181 0.00061 0.00044 0.0002 0
C 0.00035 0.00143 0.00061 0.00047 0.00012 0.00006
C 0.00038 0.00149 0.00044 0.0005 0.00053 0.00035
c 0.0002 0.00117 0.00023 0.00006 0.00009 0.00006
c 0.00006 0.00231 0.00047 0.0002 0.00023 0.00012
C 0.00009 0.00105 0.00047 0.00038 0.00009 0.00012
D 0.00082 0.00204 0.00204 0.00155 0.00035 0.00023
D 0.00058 0.00134 0.00207 0.00248 0.00079 0
D 0.00047 0.00091 0.00275 0.00389 0.00091 0.00029
D 0.00044 0.00117 0.00216 0.00432 0.00251 0.00041
D 0.00026 0.00105 0.0028 0.00318 0.00204 0.0002
D 0.0007 0.00193 0.00505 0.00371 0.00079 0.00035
D 0.00067 0.00225 0.00631 0.00856 0.00359 0.00056
D 0.00096 0.00254 0.00488 0.00368 0.00035 0.00003
D 0.00111 0.00242 0.0028 0.00079 0.00003 0.00006
D 0.00099 0.00219 0.00102 0.00053 0.00012 0
D 0.00137 0.00169 0.00093 0.00108 0.00032 0
D 0.00102 0.0021 0.00143 0.00146 0.00067 0.00015
D 0.0014 0.00134 0.00099 0.00207 0.00158 0.00053
D 0.00161 0.00199 0.00058 0.00073 0.00099 0.0002
D 0.00085 00026  0.00088 0.00102 0.00082 0.00035
D 0.00082 0.00254 0.00158 0.00149 0.00079 0.0007
E 0.00079 0.00175 0.00207 0.00175 0.00023 0.00003
E 0.00093 0.00216 0.00242 0.00079 0.00018 0
E 0.00091 0.0014 0.00213 0.0014 0.00044 0
E 0.00067 0.00149 0.00286 0.0021 0.00018 0
E 0.00126 0.00181 0.00681 0.00856 0.00099 0.00003
E 0.00114 0.00307 0.0132 0.01011 0.00032 0
E 0.00114 0.00362 0.01691 0.01502 0.00245 0.00041
E 0.0007 0.00342 0.00944 0.00628 0.00018 0.00006
E 0.00058 0.00266 0.00161 0.00029 0.00003 0
E 0.00064 0.00114 0.00085 0.00079 0 0




Direction
SW

WSW
\4
WNW
Nw
NNW
N
NNE
NE
ENE

ESE

SE

SSE

SSW

SW

WSW

WNW

NNW

NNE

ENE

ESE

SE

SSE

SSwW

SW

WSW

WNW

NNW

[ W B o B B & B B > B B s B o B o B B o B T B T e I I e T R I e e R o> B e B o2 T e - B o= i |

Class

13
0.00067
0.00047
0.00064
0.00058
0.00061
0.00067
0.00137
0.00172
0.00134
0.00123
0.00155
0.00184
0.00184
0.00196
0.00167
0.00155
0.00064
0.00096
0.00105

0.0007
0.00096
0.00129
0.00114

0.0014
0.00149
0.00096
0.00292
0.00248
0.00216
0.00216
0.00266
0.00146

0.0014
0.00079
0.00102
0.00126
0.00099
0.00102

4-6
0.0012

0.00129
0.00082

0.0012
0.00111
0.00196
0.00204
0.00257
0.00202
0.00202
0.00251

0.0057
0.00806
0.00555
0.00307
0.00213
0.00131
0.00143
0.00088

0.0012
0.00134
0.00155

0.0026
0.00578
0.00538
0.00342

0.0045
0.01215
0.01338
0.00806

0.0052
0.00298
0.00152
0.00126
0.00105
0.00096
0.00167
0.00152

7-10

0.00126
0.0014
0.00093
0.00067
0.00117
0.00167
0.00222
0.00137
0.00114
0.00161
0.00502
0.01431
0.013
0.00397
0.00172
0.00082
0.00131
0.00178
0.00093
0.00088
0.00111
0.00242
0.00263
0.0059
0.00462
0.00342
0.01025
0.0428
0.02168
0.00538
0.00088
0.00058
0.00091
0.00155
0.00167
0.00088
0.00181
0.00257
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11-16
0.0005
0.0014

0.00248
0.0007
0.00061
0.00146
0.00056
0.00026
0.00012
0.00035
0.00213
0.00242
0.00172
0.00038
0.00009
0.0002
0.00009
0.00038
0.00143
0.0005
0.00029
0.0002
0.00035
0.00035
0.00006
0.00035
0.00108
0.00263
0.00111
0.00003
0
0.00006
0.00003
0.00009
0.00035
0.00009
0.00082
0.00044

17-21

0.0002
0.00018
0.00058
0.00012
0.00023
0.0005
0.00006
0.00003
0
0.00015
0.00023
0.0002

(= R N = 2 — B -~ R = T - B R e i = 2 = 2 2 — I B B - R e ]

0.00003

[T - N~ A ]

0.00003

>21
0

0.00003
0.00006
0
0.0002
0.00018
0.00003
0

0

0

0
0.00003
0
0.00003

c o0 0 o o ©

0.00003

0.00003

(=N = — I - I~ T R R I — 2~ — T ]




Appendix G: Dispersion Coefficients
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DISTANCE FROM SOURCE (m)

Lateral diffusion without meander and building wake effects, 6y vs. down-
wind distance from source for pasquill’s turbulance types (atmospheric
stability).

For purposes of estimating oy during extremely stable (G) atmospheric
conditions without plume meander or other lateral enhancements, the
following approximation is appropriate:

0,(G)= 3o, (F)




@5+ VERTICAL DISPERSION COEFFICIENT tm)
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DISTANCE FROM SQURCE (m)

Vertical diffusion without meander and building wake effects, 6, vs. down-
wind distance from source for pasquill’s turbulance types (atmospheric
stability).

For purposes of estimating ¢, during extremely stable (G) atmospheric
conditions without plume meander or other lateral enhancements, the
following approximation is appropriate:

6,(G) = 1o, ®)
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Appendix H: Joint Frequency Table (jointfre.in) and GXQ Input Files (gxq.in)

1. Confirmation with Faulk (2000)

WIPP Data to Confirm Westinghouse Modeling
Created 6/5/00, DR 10M, A-F, 9/1/96 ~ 10/25/99
8 6 1 1 10.000

0.35 0.77 2.18 4.25 6.83 8.83 11.11 13.93
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.06 ©.00 0.00 G6.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 O0.00 0.00 0.00 0.00 0.00 0.00
0.01 0.00 0.01 0.00 0.01 0.03 0.03 ©0.03 0.08 0.00 0.01 0.00 0.00 0.00 0.00 0.06
0.01 0.02 0.02 0.02 0.03 0.02 0.0z 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.02
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 O0.00 0.00 0.00 0.00 0.00
0.00 €6.00 ©.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 O.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 ©0.01 0.00 0.00 O0.00
0.02 0.02 0.03 0.03 0.02 0.0z 0.02 0.03 0.03 0.03 0.04 0.03 0.05 0.04 0.04 0.03
0.02 0.02 0.03 0.02 0.05 0.03 0.04 0.02 0.04 0.03 0.02 0.01 0.02 0.03 0.01 0.02
0.09 0.10 0.0 0.10 0.12 0.12 0.11 ©0.12 0.13 0.11 0.07 0.07 0.08 0.10 0.08 0.08
0.09 0.08 0.07 0.08 0.09 0.15 0.26 0.34 0.36 0.37 0.32 0.30 0.23 0.20 0.15 0.11
0.08 0.06 0.04 0.05 0.08 0.09 0.16 0.17 0.21 0.24 0.20 0.21 0.17 0.18 0.13 0.0°
0.08 0.08 ©0.06 0.07 0.10 ©0.12 ©0.16 0.17 0.18 0.20 0.21 0.21 ©0.19 ©0.18 0.20 0.12
0.25 0.22 0.19 0.18 0.28 0.39 0.37 0.39 0.35 0.31 0.30 0.34 0.32 0.36 0.37 0.29
0.25 0.22 0.16 0.17 0.29 0.45 0.48 0.39 0.32 0.20 o0.18 0.15 0.1l 0.17 0.18 ©0.22
0.57 0.84 0.95 0.67 0.91 1.91 2.18 1.47 1.00 0.57 0.34 0.28 0.31 0.36 0.40 0.40
0.42 0.35 0.29 0.34 0.59 1.00 1.73 1.%6 1.98 1.33 0.87 0.%1 0.70 0.53 0.44 0.41
0.12 0.09 0.09 0.08 0.16 0.21 0.31 0.31 0.25 0.17 0.13 0.11 ©0.09 0.09 0.15 0.12
0.09 0.09 0.07 0.09 0.13 0.1% ©0.26 0.27 0.17 0.10 0.07 0.08 0.06 0.06 0.08 0.07
0.42 0.46 0.41 0.41 0.61 0.83 1.04 0.82 0.38 0.17 0.13 0.20 0.13 0.08 0.19 0.33
6.34 0.25 0.26 0.42 0.87 1.83 2.81 1.19 ©0.26 0.15 0.15 0.28 0.31 0.15 0.16 0.23
0.52 0.64 0.64 0.75 1.69 5.64 3.56 0.97 0.28 0.14 0.19 0.37 0.38 0.25 0.25 0.45
0.16 0.12 ©0.10 0.09 0.12 0.14 0.51 0.6C 0.26 0.15 0.18 0.36 0.45 0.11 0.12 0.16
0.02 0.02 0.01 0.02 0.02 0.03 0.06 0.06 0.03 0.02 0.01 0.04 0.03 0.01 0.01 0.02
0.03 0.02 0.02 0.02 0.02 0.03 0.06 0.04 0.02 0.01 0.01 0.03 0.04 0.01 0.02 0.02
0.14 0.22 0.18 0.20 0.25 0.23 0.40 0.19 0.04 0.03 0.04 0.09 0.15 0.06 0.06 0.10
0.06 0.06 0.07 0.25 0.42 0.52 0.97 0.33 0.02 0.02 0.02 0.08 0.24 0.06 0.04 0.04
0.02 0.01 o©.01 0.02 0.08 0.10 ©0.04 0.01 0.00 0.00 0.00 0.01 0.06 0.01 0.02 0.01
0.05 0.04 0.04 0.02 0.03 0.02 0.09 0.11 0.04 0.04 0.12 0.22 0.29 0.05 0.03 0.05
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.0 O0.0r 0.02 0.03 0.00 0.01 0.01
0.01 0.0r 0.01 ©0.01 0.01 0.00 0.01 0.00 0.00 0.00 ©0.0L 0.02 0.03 0.00 0.01 0.00
0.06 0.09 ©0.08 0.18 0.19 0.09 ©¢.23 0.10 0.01 0.01 0.02 0.06 0.15 0.05 0.02 0.04
0.01 0.01 0.03 0.04 0.11 0.06 0.1%9 0.05 0.00 o0.00 0.01 0.0z 0.08 0.01 0.01 O0.01
0.00 0.00 ©0.00 0.01 0.02 0.01 0©.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.01 0.03 0.02 0.03 0.00 0.03 0.01 0.01 0.03 0.05 0.12 0.30 0.01 0.00 0.06
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.00 0.00 0.00
0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 0.01 0.04 0.00 0.00 0.00
0.00 0.02 0.08 0.07 0.05 0.03 0.07 0.01 0.00 0.00 0.00 0.02 0.11 0.03 0.01 0.02
0.00 0.00 0.02 0.01 0.01 0.00 0.04 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.11 0.00 0.00 0.00
0.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 ©0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
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2. GXQ Input File

Input title line
c GXQ Version 4.0 Input File

c mode
1
c
¢ MODE CHOICE:
c mode = 1 then X/Q based on Hanford site specific meteorology
c mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
c
¢ LOGICAL CHOICES:
c ifox inorm icdf ichk isite ipop

t f t £ t £
c ifox = t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
c inorm = t then joint frequency data is normalized (as in GENII)
o) = f then joint frequency data is un~normalized
c icdf = t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
c ipop = t then X/Q is population weighted
C = f then no population weighting
c
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
c ipuff idep isrc iwind
0 0 0 0
¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
c iwake ipm iflow ientr
1 1 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
¢ (irise igrnd)iwash igrav
0 0 0 0
c ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chamberlain model)
¢ isrc = 1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
c iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c ipm = 1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
C = 3 then sector average model turned on
¢ iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then ISC2 momentum/buoyancy plume rise model turned on
¢ igrnd = 1 then Mills buoyant plume rise modification for ground effects
c iwash = 1 then stack downwash model turned on
¢ igrav = 1 then gravitational settling model turned on
c = (0 unless specified otherwise, 0 turns model off
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PARAMETER INPUT:

reference frequency
release anemometer mixing to
height height height exceed
hs (m) ha (m) hm (m) Cx (%)
0 10 1000 5.0
initial initial gravitational
plunme plume release deposition settling
width height duration velocity velocity
Wb (m) Hb (m) trd(hr) vd(m/s) vg (m/s)
27 7 0 0.001 0.001
initial initial convective
ambient plume plume release heat release
temperature temperature flow rate diameter rate (1)
Tamb (C) TO(C) V0 (m3/s) d(m) gh (w)
20 22 1 1.00 0

(1) If zero then buoyant flux based on plume/ambient temperature difference.

X/Q Wind
scaling Speed
factor Exponent
c(?) al(?)

1 .78

RECEPTOR DEPENDENT DATA (no line limit)

FOR MODE make RECEPTOR DEPENDENT DATA

1 (site specific) sector distance receptor-height

2 (by class & wind speed) class windspeed distance offset receptor-height
3 (create plot file) class windspeed xmax imax ymax jmax xgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... (all, S, SSW, etc.)

distance = receptor distance {(m)

receptor height = height of receptor (m)

class = 1, 2, 3, 4, 5, 6, 7 (P~-G stability class A, B, C, D, E, F, G)
windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline (m)

xmax = maximum distance to plot or calculate to (m)
imax distance intervals

ymax maximum offset to plot (m)

jmax = offset intervals

xgmin = minimum scaled X/Q to calculate
power = exponent in power function step size
100 0
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3. Joint Frequency Table for Modeling All Stability Classes

WIPP Data for modeling stability classes A-G
Created 6/5/00, DR 10M, A-G, 9/1/96 - 2/29/00
8 7 1 1 10.000

0.01 o0.01 .01 0.01 o0.01%
0.05 0.06 .05 0.06 0.06
0.30 0.33 0.33 0.25 0.32
0.22 0.18 0.14 0.22 0.59

.01 0.0% 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
.06 0.06 0.07 0.06 0.06 0.03 0.04 0.03 0.04 0.04 0.04
.61 0.85 0.66 0.42 0.28 0.17 0.17 0.17 0.19 0.23 0.25
.80 1.51 0.50 0.13 0.08 0.13 0.25 0.24 0.14 0.12 0.26

0.35 0.77 2.18 4.25 6.83 8.83 11.11 13.93

0.00 0.00 0.00 0.00 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.08 0.07 0.07 0.08 0.09 0.14 0.24 0.33 0.35 0.37 0.32 0.29 0.22 0.19 ©0.14 0.10
0.41 0.33 0.27 0.32 0.56 0.94 1.61 1.85 1.93 1.37 0.88 0.89 0.69 0.53 0.44 0.41
0.16 0.11 o©0.10 0.08 0.11 0.13 0.47 0.56 0.27 0.15 0.1% 0.35 0.43 0.11 0.12 0.17
0.05 0.04 0.04 0.02 0.03 0.02 0.09 0.11@1 0.03 0.04 0.11 0.22 0.29 0.06 0.03 0.05
0.03 0.01 0.03 0.01 0.02 0.00 0.03 0.01 0.00 0.03 0.06 0.13 0.33 0.02 0.01 0.07
0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©.00 0.00 0.00 0.00 0.0r 0.1Q0 0.00 0.00 oO.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.08 0.07 0.05 0.05 0.07 0.09 0.15 0.17 0.21 0.24 0.20 0.21 0.17 0.19 0.13 0.09
0.12 0.09 0.08 0.08 0.15 ©0.20 0.30 0.29 0.25 0.19 0.14 0.11 0.0%9 0.09 0.16 0.13
0.02 0.02 0.01 0.01 0.02 0.03 0.06 0.06 0.02 0.02 0.01 0.03 0.03 0.01 0.01 0.02
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.03 0.04 0.00 0.00 0.01
0.00 0.00 0.01 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.00 0.00 0.00
0.00 0.00 0©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©0.01 0.00 0.01 0.00 0.00 0.00
0.08 0.09 ©.06 0.08 0.10 0.12 0.1 ©.16 ©.18 ©0.20 0.21 0.20 0.19 0.19 0.21 0.12
0.09 0.0 0.07 0.08 0.13 0.19 0.25 0.25 0.17 0.11 0.08 0.08 0.06 0.06 0.09 0.08
0.03 0.02 0.02 0.02 0.02 0.03 0.05 0.04 0.02 o0.01 0.01 0.03 0.04 0.01 0.01 0.01
0.01 ©0.00 0.00 06.01 0.00 O©0.00 0.01 0.00 0.00 o0.00 0.01 0.02 0.03 0.00 0.01 0.00
0.00 0.00 0.01 0.01 0.00 0.00 0.00 o©0.00C 0.00 0.00 O0.00 ©0.01 0.04 0.00 0.00 o0.01
0.00 0.00 0.00 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 ©0.00 0.01 O0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.02 0.02 0.03 0.02 ©0.02 0.02 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.03
0.27 0.22 0.19 0.19 0.27 0.37 0.35 0.37 0.36 0.32 0.31 0.35 0.33 0.37 0.40 0.30
0.40 0.43 0.38 0.39 0.59 0.78 0.97 0.78 0.37 0.18 0.13 0.19 0.14 0.08 0.18 0.32
0.13 0.20 0.16 0.18 0.24 0.22 0.38 0.18 0.04 0.03 0.04 0.10 0.15 0.06 0.06 0.11
0.06 0.08 0.08 0.16 0.18 0.08 0.21 0.09 0.01 0.01 0.02 0.06 0.16 0.05 0.03 0.05
0.01 0.0z 0.07 0.07 0.05 0.02 0.06 0.01 0.00- 0.00 0.00 ¢.02 o0.12 0.03 0.01 0.02
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O0.00 0.00 0.00 ©0.00 0.00 0.00 0.01 O0.00
0.01 0.00 o0.01 0.00 0.01 0.02 0.02 0.03 0.07 0.00 0.01 0.00 0.00 0.00 0.00 O0.06
0.02 0.0z 0.03 0.02 0.05 0.03 0.04 0.02 0.04 0.03 0.02 0.01 0.02 0.03 0.01 0.02
0.25 ¢.22 0.18 0.17 0.28 0.42 0.46 0.38 0.31 0.20 0.1%9 0.16 0.15 0.17 0.19 0.23
0.33 0.23 0.26 0.41 0.84 1.75 2.68 1.14 0.25 0.14 0.15 0.28 0.32 0.i6 0.17 0.23
0.06 0.06 0.08 0.24 0.45 0.53 0.94 0.30 0.02 0.02 0.02 0.09 0.26 0.07 0.04 0.05
0.0r 0.01 0.04 0.04 0.12 0.06 0.18 0.05 0.00 0.00 0.01 0.03 0.10 0.01 o0.01 0.02
0.00 0.00 ©0.02 O0.01 0.01 0.00 0.03 o©0.02 0.00 0.00 0.00 0.00 0.02 0.00 o0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.006 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0 0

0 0

0

1

0.01 0.01 o0.01 0.01 0.08 0.09 0.02 0.01 0.00 0.00 0.00 0.01 0.06 0.01 0.01 0.01
0.00 0.00 0.00 ©.01 0.02 0.01 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 ©0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
0.01 0.01 0.01 0.00 0.01.0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.01
0.05 0.05 0.05 0.04 0.07 0.07 0.07 0.06 0.07 0.05 0.04 0.04 0.05 0.06 0.05 0.05
0.32 0.59 0.66 0.42 0.62 1.33 1.42 0.86 0.59 0.32 0.18 0.12 0.i4 0.17 0.21 0.18
0.33 0.56 0.58 0.52 1.18 3.95 2.17 0.53 0.14 0.06 0.07 0.13 0.16 O0.11 0.14 0.23
0.00 0.00 0.00 0.01 0.01 0.03 0.02 0.00 0.00 0.00 O0.00 0.00 0.01 0.00 0.01 0.00
0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Appendix I: Air Dispersion Factors used in the WIPP RCRA Subpart B Application
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EEG-1

EEG-2

EEG-3

EEG-4

EEG-5

EEG-6

EEG-7

EEG-8

EEG-9

EEG-10

EEG-11

EEG-12

LIST OF EEG REPORTS

Goad, Donna, A Compilation of Site Selection Criteria Considerations and Concerns
Appearing in the Literature on the Deep Disposal of Radioactive Wastes, June 1979.

Review Comments on Geological Characterization Report. Waste Isolation Pilot

Plant (WIPP) Site, Southeastern New Mexico SAND 78-1596. Volume 1 and 11,
December 1978.

Neill, Robert H., James K. Channell, Carla Wofsy, Moses A. Greenfield (eds.)
Radiological Health Review of the Draft Environmental Impact Statement (DOE/EIS-
0026-D) Waste Isolation Pilot Plant, U.S. Department of Energy, August 1979.

Little, Marshall S., Review Comments on the Report of the Steering Committee on
Waste Acceptance Criteria for the Waste Isolation Pilot Plant, February 1980.

Channell, James K., Calculated Radiation Doses From Deposition of Material

Released in Hypothetical Transportation Accidents Involving WIPP-Related
Radioactive Wastes, October 1980.

Geotechnical Considerations for Radiological Hazard Assessment of WIPP. A
Report of a Meeting Held on January 17-18, 1980, April 1980.

Chaturvedi, Lokesh, WIPP Site and Vicinity Geological Field Trip. A Reportofa

Field Trip to the Proposed Waste Isolation Pilot Plant Project in Southeastern New
Mexico, June 16 to 18. 1980, October 1980.

Wofsy, Carla, The Significance of Certain Rustler Aquifer Parameters for Predicting
Long-Term Radiation Doses from WIPP, September 1980.

Spiegler, Peter, An Approach to Calculating Upper Bounds on Maximum Individual

Doses From the Use of Contaminated Well Water Following a WIPP Repository
Breach, September 1981.

Radiological Health Review of the Final Environmental Impact Statement (DOE/EIS-
0026) Waste Isolation Pilot Plant, U. S. Department of Energy, January 1981.

Channell, James K., Calculated Radiation Doses From Radionuclides Brought to the

Surface if Future Drilling Intercepts the WIPP Repository and Pressurized Brine,
January 1982.

Little; Marshall S., Potential Release Scenario and Radiological Consequence
Evaluation of Mineral Resources at WIPP, May 1982.
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EEG-13

EEG-14

EEG-15

EEG-16

EEG-17

EEG-18

EEG-19

EEG-20

EEG-21

EEG-22

EEG-23

EEG-24

EEG-25

EEG-26

LIST OF EEG REPORTS (Continued)

Spiegler, Peter, Analysis of the Potential Formation of a Breccia Chimney Beneath
the WIPP Repository, May 1982.

Not published.

Bard, Stephen T., Estimated Radiation Doses Resulting if an Exploratory Borehole
Penetrates a Pressurized Brine Reservoir Assumed to Exist Below the WIPP
Repository Horizon - A Single Hole Scenario, March 1982.

Radionuclide Release, Transport and Consequence Modeling for WIPP. A Report of
a Workshop Held on September 16-17, 1981, February 1982.

Spiegler, Peter, Hydrologic Analyses of Two Brine Encounters in the Vicinity of the

Waste Isolation Pilot Plant (WIPP) Site, December 1982.

Spiegler, Peter and Dave Updegraff, Origin of the Brines Near WIPP from the Drill

Holes ERDA-6 and WIPP-12 Based on Stable Isotope Concentration of Hydrogen
and Oxygen, March 1983.

Channell, James K., Review Comments on Environmental Analysis Cost Reduction
Proposals (WIPP/DOE-136) July 1982, November 1982.

Baca, Thomas E., An Evaluation of the Non-Radiological Environmental Problems
Relating to the WIPP, February 1983.

Faith, Stuart, Peter Spiegler, Kenneth R. Rehfeldt, The Geochemistry of Two

Pressurized Brines From the Castile Formation in the Vicinity of the Waste Isolation
Pilot Plant (WIPP) Site, April 1983.

EEG Review Comments on the Geotechnical Reports Provided by DOE to EEG
Under the Stipulated Agreement Through March 1, 1983, April 1983.

Neill, Robert H., James K. Channell, Lokesh Chaturvedi, Marshall S. Little, Kenneth
Rehfeldt, Peter Spiegler, Evaluation of the Suitability of the WIPP Site, May 1983.

Neill, Robert H. and James K. Channell, Potential Problems From Shipment of High-
Curie Content Contact-Handled Transuranic (CH-TRU) Waste to WIPP, August
1983.

Chaturvedi, Lokesh, Occurrence of Gases in the Salado Formation, March 1984.

Spiegler, Peter, Proposed Preoperational Environmental Monitoring Program for
WIPP, November 1984.
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LIST OF EEG REPORTS (Continued)

EEG-27 Rehfeldt, Kenneth, Sensitivity Analysis of Solute Transport in Fractures and
Determination of Anisotropy Within the Culebra Dolomite, September 1984.

EEG-28 Knowles, H. B., Radiation Shielding in the Hot Cell Facility at the Waste Isolation
Pilot Plant: A Review, November 1984.

EEG-29 Little, Marshall S., Evaluation of the Safety Analysis Report for the Waste Isolation
Pilot Plant Project, May 1985.

EEG-30 Dougherty, Frank, Tenera Corporation, Evaluation of the Waste Isolation Pilot Plant
Classification of Systems, Structures and Components, July 1985.

EEG-31 Ramey, Dan, Chemistry of the Rustler Fluids, July 1985.

EEG-32 Chaturvedi, Lokesh and James K. Channell, The Rustler Formation as a Transport
Medium for Contaminated Groundwater, December 1985.

EEG-33  Channell, James K., John C. Rodgers, Robert H. Neill, Adequacy of TRUPACT-I
Design for Transporting Contact-Handled Transuranic Wastes to WIPP, June 1986.

EEG-34 Chaturvedi, Lokesh, (ed.), The Rustler Formation at the WIPP Site, Report of a

Workshop on the Geology and Hydrology of the Rustler Formation as it Relates to
the WIPP Project, February 1987.

EEG-35 Chapman, Jenny B., Stable Isotopes in Southeastern New Mexico Groundwater:
Implications for Dating Recharge in the WIPP Area, October 1986.

EEG-36 Lowenstein, Tim K., Post Burial Alteration of the Permian Rustler Formation
Evaporites, WIPP Site, New Mexico, April 1987.

EEG-37 Rodgers, John C., Exhaust Stack Monitoring Issues at the Waste Isolation Pilot Plant,
November 1987.

EEG-38 Rodgérs, John C. and Jim W. Kenney, A Critical Assessment of Continuous Air

Monitoring Systems at the Waste Isolation Pilot Plant, March 1988.
EEG-39 Chapman, Jenny B., Chemical and Radiochemical Characteristics of Groundwater in

the Culebra Dolomite, Southeastern New Mexico, March 1988.

EEG-40 Review of the Final Safety Analyses Report (Draft), DOE Waste Isolation Pilot Plant,
December 1988, May 1989.

EEG-41 Review of the Draft Supplement Environmental Impact Statement. DOE Waste
Isolation Pilot Plant, July 1989.




EEG-42

EEG-43

EEG-44

EEG-45

EEG-46

EEG-47

EEG-48

EEG-49

EEG-50

EEG-51

EEG-52

EEG-53

EEG-54

EEG-55

LIST OF EEG REPORTS (Continued)

Chaturvedi, Lokesh, Evaluation of the DOE Plans for Radioactive Experiments and
Operational Demonstration at WIPP, September 1989.

Kenney, Jim W., John Rodgers, Jenny Chapman, Kevin Shenk, Preoperational
Radiation Surveillance of the WIPP Project by EEG 1985-1988, January 1990.

Greenfield, Moses A., Probabilities of a Catastrophic Waste Hoist Accident at the
Waste Isolation Pilot Plant, January 1990.

Silva, Matthew K., Preliminary Investigation into the Explosion Potential of Volatile
Organic Compounds in WIPP CH-TRU Waste, June 1990.

Gallegos, Anthony F. and James K. Channell, Risk Analysis of the Transport of

Contact Handled Transuranic (CH-TRU) Wastes to WIPP Along Selected Highway
Routes in New Mexico Using RADTRAN 1V, August 1990.

Kenney, Jim W. and Sally C. Ballard, Preoperational Radiation Surveillance of the
WIPP Project by EEG During 1989, December 1990.

Silva, Matthew, An Assessment of the Flammability and Explosion Potential of

Transuranic Waste, June 1991.

Kenney, Jim, Preoperational Radiation Surveillance of the WIPP Project by EEG
During 1990, November 1991.

Silva, Matthew K. and James K. Channell, Implications of Oil and Gas Leases at the
WIPP on Compliance with EPA TRU Waste Disposal Standards, June 1992.

Kenney, Jim W., Preoperational Radiation Surveillance of the WIPP Project by EEG
During 1991, October 1992.

Bartlett, William T., An Evaluation of Air Effluent and Workplace Radioactivity
Monitoring at the Waste Isolation Pilot Plant, February 1993.

Greenfield, Moses A. and Thomas J. Sargent, A Probabilistic Analysis of a
Catastrophic Transuranic Waste Hoist Accident at the WIPP, June 1993.

Kenney, Jim W., Preoperational Radiation Surveillance of the WIPP Project by EEG
During 1992, February 1994.

Silva, Matthew K., Implications of the Presence of Petroleum Resources on the
Integrity of the WIPP, June 1994,
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EEG-56

EEG-57

EEG-58

EEG-59

EEG-60

EEG-61

EEG-62

EEG-63

EEG-64

EEG-65

EEG-66

EEG-67

LIST OF EEG REPORTS (Continued)

Silva, Matthew K. and Robert H. Neill, Unresolved Issues for the Disposal of
Remote-Handled Transuranic Waste in the Waste isolation Pilot Plant, September
1994.

Lee, William W.-L, Lokesh Chaturvedi, Matthew K. Silva, Ruth Weiner, and Robert
H. Neill, An Appraisal of the 1992 Preliminary Performance Assessment for the
Waste Isolation Pilot Plant, September 1994.

Kenney, Jim W., Paula S. Downes, Donald H. Gray, Sally C. Ballard, Radionuclide
Baseline in Soil Near Project Gnome and the Waste Isolation Pilot Plant, June 1995.

Greenfield, Moses A. and Thomas J. Sargent, An Analysis of the Annual Probability
of Failure of the Waste Hoist Brake System at the Waste Isolation Pilot Plant (WIPP),
November 1995.

Bartlett, William T. and Ben A. Walker, The Influence of Salt Aerosol on Alpha
Radiation Detection by WIPP Continuous Air Monitors, January 1996.

Neill, Robert, Lokesh Chaturvedi, William W.-L. Lee, Thomas M. Clemo, Matthew
K. Silva, Jim W. Kenney, William T. Bartlett, and Ben A. Walker, Review of the

WIPP Draft Application to Show Compliance with EPA Transuranic Waste Disposal
Standards, March 1996.

Silva, Matthew K., Fluid Injection for Salt Water Disposal and Enhanced Oil
Recovery as a Potential Problem for the WIPP: Proceedings of a June 1995
Workshop and Analysis, August 1996.

Maleki, Hamid and Lokesh Chaturvedi, Stability Evaluation of the Panel 1 Rooms
and the E140 Drift at WIPP, August 1996.

Neill, Robert H., James K. Channell, Peter Spiegler, Lokesh Chaturvedi, Review of

the Draft Supplement to the WIPP Environmental Impact Statement, DOE/EIS-0026-
S-2, April 1997.

Greenfield, Moses A. and Thomas J. Sargent, Probability of Failure of the Waste
Hoist Brake System at the Waste Isolation Pilot Plant (WIPP), January 1998.

Channell, James K. and Robert H. Neill, Individual Radiation Doses From

Transuranic Waste Brought to the Surface by Human Intrusion at the WIPP, February
1998.

Kenney, Jim W., Donald H. Gray, and Sally C. Ballard, Preoperational Radiation
Surveillance of the WIPP Project by EEG During 1993 Though 1995, March 1998.
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EEG-68

EEG-69

EEG-70

EEG-71

EEG-72

EEG-73

EEG-74

EEG-75

EEG-76

LIST OF EEG REPORTS (Continued)

Neill, Robert H., Lokesh Chaturvedi, Dale F. Rucker, Matthew K. Silva, Ben A.
Walker, James K. Channell, Thomas M. Clemo, Evaluation of the WIPP Project’s

Compliance with the EPA Radiation Protection Standards for Disposal of Transuranic
Waste, March 1998. '

Rucker, Dale, Sensitivity Analysis of Performance Parameters Used In Modeling the
Waste Isolation Pilot Plant, May 1998.

Bartlett, William T. and Jim W. Kenney, EEG Observations of the March 1998 WIPP
Operational Readiness Review Audit, May 1998.

Maleki, Hamid, Mine Stability Evaluation of Panel 1 During Waste Emplacement
Operations at WIPP, July 1998.

Channell, James K. and Robert H. Neill, A Comparison of the Risks from the
Hazardous Waste and Radioactive Waste Portions of the WIPP Inventory, July 1999.

Kenney, Jim W., Donald H. Gray, Sally C. Ballard, and Lokesh Chaturvedi,

Preoperational Radiation Surveillance of the WIPP Project by EEG from 1996 - 1998,
October 1999.

Greenfield, Moses A. and Thomas J. Sargent, Probability of Failure of the
TRUDOCK Crane System at the Waste Isolation Pilot Plant (WIPP), May 2000.

Channell, James K. and Ben A. Walker, Evaluation of Risks and Waste

Characterization Requirements for the Transuranic Waste Emplaced in WIPP During
1999, May 2000.

Rucker, Dale F., Air Dispersion Modeling at the Waste Isolation Pilot Plant, August
2000.
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