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Section 1 

INTRODUCTION 

1.1 OBJECTIVES AND BACKGROUND 

AeroVironment Inc. was contracted by EG&G Rocky Flats, Inc. to screen, validate, 
analyze and graph the historical meteorological data collected at the Rocky Flats 
Environmental Technology Site (Site). This task was undertaken for the purpose of 
fulfilling requirements of the U.S. Department of Energy (DOE) and the U.S. 
Environmental Protection Agency (EPA) for safety and regulatory compliance. 

The meteorological data have been collected primarily for the protection of the workers, 
the public and the environment. Additionally the data are used to assist general plant 
operations, engineering and construction activities and environmental studies. The 
following DOE directives govern how the meteorological data are collected and quality 
assured: DOE Order 5400.1, "General Environmental Protection Program" (1 988), 
"Environmental Regulatory Guide for Radiological Effluent Monitoring and 
Environmental Surveillance" (1 991 ) and DOE Order 5500.3A, "Emergency Planning 
and Preparedness for Operational Emergencies" (1 991 ) .  

In terms of environmental compliance, the meteorological data are used as inputs to 
dispersion models required by the Clean Air Act (CAA) and to support studies and 
clean up operations in accordance with the CAA and the National Emissions Standards 
for Hazardous Air Pollutants which requires the plant to limit emissions of radionuclides 
and beryllium. Precipitation data are collected and used to characterize surface water 
flow as required by the EPA. 

1.2 HISTORICAL LOCATIONS OF WEATHER STATIONS AND DATA COLLECTED 

The Site is located in the Rocky Mountain foothills between Arvada and Boulder (Figure 
1.1). It is bounded by Indiana Street on the east, Colorado State Highways 128 on the 
north,  93 on the west and 72 to the south. The topography is rolling hills. The area is 
and due to the shadow effect of the Rocky Mountains to the west. 

Meteorological ob.servations have been made at the Site since 1952 (Figure 1 .2). The 
meteorological monitoring station was first established on the roof of Building 991. The 
original observations included temperature, relative humidity, precipitation, wind speed 
and wind direction. In January 1953, the monitoring station was moved to the roof of 
Building 123, where it remained until April 1975. The monitorirlg station was then 
moved to 2 El-meter tower that was erected in the West Buffer Zone. 

The coordinates and elevation of the West Buffer Zone location is: 39' 53' 4" north, 
105' 12' 36" west and approximately 6150' above mean sea level. The locations Of 
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FIGURE 1 . l .  A r e a  map of Rocky Flats env i ronmen ta l  t echnology Site a n d  
sur rounding  communi t ies .  
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FIGURE 1.2. Existing and proposed meteorological monitoring network at Rocky Flats 
environmental tech nology Site. 
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Buildings 991, 123 and 771 with respect to the West Buffer Zone iocation are 
approximately 1.75 miles east, 1 mile east-southeast and 1.5 miles east, respectively. 

Periodically, additional monitoring stations have been set up and operaied in 
conjunction with various activities at the Rocky Flats facility. During 1975 to 1989, 
monitoring stations were set up and operated at Building 881, a utility pole at the East 
Gate, and a wind test site in the northwest corner of the facility. In 1989, a 10-meter 
tower wes erected and instrumented about 50 meters norlheest of the G1-meter tower. 
This towe; and zmc ia red  insirurnenration were set up as a redundani system to the 
61-meter tower to serve as a backup during possible emergencies. A pair of wind 
sensors were set up at Building 881 during 1991 to support remediation activities. 
Because c f  sitins requirements which put the sessars 21 near-ground le;,els and near 
obstructions, the aata are only representative of a very local area. 

The data collected through April 1975 consisted of temperature, relative humidity, 
precipitation, wind speed and wind direction. These data were recorded manually in a 
logbook and represent instantaneous readings taken within five minu1t.s before each 
hour. With the move to the present West Buffer Zone location in May 1975, multilevel 
measurements of wind and temgerature (10, 25 and 60 meters) were added along with 
single level measurements of solar radiation, barometric pressure, soil temperature, soil 
heat flux and absolute humidity (see Figure 1.3 and Table 1.1). Measurements have 
continued at this location until the present, but for unknown reasons the data collected 
between MZiCh 1977 ai-;d DicemLcr :96.3 viEre lcst. Tower data recorded on strip 
charts from 1984 through early 1989 were digitized, but until recently were not validated 
or analyzed. M u c h  of the aata (1 984 to early 1989) have large gaps and questionable 
quality. Starting in early 1989, the dzta have been collected by a digital data logger. 
Data collected through 1991 are also of questionable quality. Starting in 1992, the aata 
have been routinely validated in accordance with an established quality assurance (QA) 
program that specifies how the data are archived, screened, corrected and reviewed. 

1.3 DATA USED IN THIS ANALYSIS 

1.3.1 Data S etS 

The meteorological dam used in these analyses were coliected by the primary 
meteorological monitoring station located at Building 123 from January 1953 to March 
1975 and in the West Buffer Zone after March 1975, as well as precipitation data 
collected between July 1976 end September 1988 at Building 771. 

The data from the first year of operation (1952) collected at the Building 991 location 
were not available for this analysis. Annual paper summaries for the data collected at 
the Building 123 and West Buffer Zone locations between January 1953 and February 
1977 provided all the data used in this analysis up through December 1963 and 
supplemented other data available through the end of this period. Each of these 
annual summaries included: 
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FIGURE 1.3. Meteorological monitoring tower configuration. 
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TABLE 1.1 . Meteorological monitoring equipment specifications at Rocky Flats 
environmental technology Site. 

I 

I 

! 
1 

1 

PRINCIPAL M A  NUFA CTURER MODEL rda. 1 RANGE 

Climarronicr 1 0 9 3 7 5  0 - 55.9 m i r e c  

PARAMETER I MEASUREMENT 

61M T o w o r  Honr.  W i d  S p e d  A Phorochocper 
W/CUOP 

I 

I - 360 

b l M  T o w e r  Wind Phose R e B O / V O f  Clirnerronics 1 c 2 -, 3 9  
D i r r r a o n  -' w N e n e  I 

' ION, T o w s ,  Horiz. Wind Speed *+ 3 C  Techornetor RM Young Co. c5c35 

1 0 M  Tower  Wind D i rscnon*+  Potenriomerer RM YounG Co. 0 5 2 3 5  

Ct----- 
0 - 50 m/sec  

0 .  355 aegreea 

i w/Prooeller 

w lVane  

Vamce l  wind S p e d  *+ D C  Tachometer  Giii 27 106 -9.9 I O  9.9 m/rec  
wlProoeller I 

I 1 :: 10 SO dag  C 1 0009 3 61M T o w e r  Amb ien t  Air Thermistor Rad i a t i  on  Clirnatronics 
TemDereture * Shield TS-10 

10M Tower  Amb ien t  Air Thermisror Radiauon 
Temperature *+ Shield 

Fast Response ie rnpera ru re  * Thermistor  Radiauon 
Shield 

Rslauva Humidity * Capacitance 
Hypromerer  

CampDell 1 2C7 1 :5 IO 50 deg  C 

Clirnerronics 1 oooc:-; 1 ::to 5 0 d o g  C 

Gill 8-Plsre R A  

TS- 10 

Rotronics MP100 0 -  100% 

1) Precipitat ion *+ 

Solar Raatanon * Black and Whirs EPDley 1 6-48 
Pvranometer 

Precipiraoon * I/ 

0 - 1400 Wensim'? 

1 :pping Bucke t  Gaga 1 Cl imatronics 1 EWS 

Infrared (Lonowave)  R d i a o o n  * I Silicon Pvraeometer  1 EDDiOV 

I NA 

PIR 1 0 - 50c Wsns/m-2 

Precipirsoon + ii 
b r o m e t n c  Pressure * I Cersmic Capacirance 1 Serra Svsrerns I ,70 1 600 - 1100 mil l ibarr 

Soil Hesr Flux * I Thermooile I Weatnarmeesure I 3963 1 * I -  1530 Wans/u-S 

11 Absolute Humid i r y  * 1 O D U C ~ I  Hyprometer  1 Oohir CorD. 1 2000 1 0 ~ 50 plm-3 , 
CamDbeli I 107 I - 3 5  t o  50 d o g  C I/ Soil Temperature * I Thermisror  I 

* 61-meter tower 
+ 10-meter tower 
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- Mean annual temperature 
- Maximum annual temperature 
- Minimum annual temperature 
- Average annual relative humidity 
- Total annual precipitation 
- 
- 
- 

- Mean annual wind velocity 
- Peak annual gust velocity 
- Predominam annual wind direction 

Greatest amount of precipitation in a single day 
Greatest depth of snowfall in a single day 
Greatest monthly mean wind speed 

and graphs of: 

- Monthly maximum temperature 
- Mean monthly temperature 
- Monthly minimum temperature 
- Average monthly maximum temperature 
- Average monthly minimum temperature 
- 
- Average monthly relative humidity 
- Monthly precipitation totals 

Monthly heating degree days based on 650F 

From January 1964 until February 1977, monthly climatic summaries in addition to the 
annual summaries were provided in Excel spreadsheet format. The information 
provided by each of these monthly summaries was: 

- Daily maximum temperature 
- Daily minimum temperature 
- Daily mean temperature 
- Mean daily dew-point temperature 
- Mean daily wind speed 
- 
- Total daily precipitation 
- Mean daily barometric pressure 
- 

Daily maximum instantaneous wind speed 

Total daily solar radiation (May 1975 to December 1993) 

The 1984 through early 1989 data were originally collected on strip charts but later 
c, ditized. A digital data logger was used to collect the data after this period as one- 
second data. Fifteen-minute averages, maximums and minimums for each 15-minute 
period were calculated from these data for the entire period as follows: 

- 
- 
- 
- 

Average wind speed at 10, 25 and 61 meters 
Maximum wind speed at 10, 25 and 61 meters 
Minimum wind speed at 10, 25 and 61 meters 
Average wind direction at 10, 25 and 61 meters 
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- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- Total precipitation 
- Average solar radiation 
- Maximum solar radiation 
- Minimum solar radiation 

Standard deviation of the horizontal wind speed at 10, 25 and 61 meters 
Standard deviation of the wind direction at 10, 25 and 61 meters 
Average vertical wind speed at 10, 25 and 61 meters 
Maximum vertical wind speed at 10, 25 and 61 meters 
Minimum vertical wind speed at 10, 25 and 61 meters 
Standard deviation of the vertical wind speed at 10, 25 and 61 meters 
Average temperature at 10, 25 and 61 meters 
Maximurn temperature at 10, 25 and 61 meters 
Minimum temperature at 10, 25 and 61 meters 
Average dew-point temperature at IO meters 

1.3.2 Data Qua litv 

o Temperature 

The mean temperatures for the Building 123 and West Buffer Zone locations were 
almost identical. Differences were noted in the average maximum and average 
minimum temperatures. The range of the Building 123 average extreme temperature 
data was larger than the equivalent West Buffer Zone data probably because of the 
radiative effects of the Building 123 rooftop. 

o Relative Humidity 

The average annual relative humidity data differed between the Building 123 and West 
Buffer Zone by approximately 18%. 

o Wind 

The average annual wind speeds for the two locations (Building 123 and the West 
Buffer Zone) differed by approximately 19%. The differences are due to the difference 
in the roughness lengths of the two sites. The West Buffer Zone is open and flat with a 
roughness length on the order of centimeters. The area surrounding Building 123, on 
the other hand, is the area of highest building density at the Site. The buildings that 
surround Building 123 act to slow the wind. 

The yearly and monthly maximum wind speeds differ in how they were reported for the 
two locations. The Building 123 maximum wind data were reported as maximum wind 
gusts, which according to U.S. weather observing practices, are reported when the 
peak wind speed reaches at least 16 knots and the variation in wind speed between the 
peaks and the lulls is at least 9 knots. The digitized and digital data collected at the 
West Buffer Zone location reports t h e  maximum wind speeds for each 15-minute 
averaging period from the one-second data. It 15 believed that the wind gust data 
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collected before May 1975 is actually maximum wind speeds. For these analyses, all 
data were treated as maximum wind speeds and averaged together accordingly. 

o Insolation 

The monthly insolation averages were low as evidenced by the calculations for percent 
possible monthly insolation (Table 2.32). In this analysis, the percent possible monthly 
insolation decreases between January and Augas? and increases between August and 
December. Data quality is the underlying reason for this counter intuitive result since 
the averages are based on incomplete data sets and data of questionable quality. 

o Precipitation 

Years 1984-1 986 were eliminated from all precipitation calculations. Data collected 
during these years did not encompass the entire year. Inclusion of this partial data in 
the analyses would have skewed the results. 

1.4 DATA VALIDATION PROCEDURES 

Data validation was performed by AeroVironment for the 1984-1 993 data set only. The 
1984 to 1989 data were collected on strip charts and digitized. The data since 1989 
were collected electronically and processed into 15-minute averages at the time of data 
collection. Because these data were available in electronic form, it was possible to run 
these data through screening programs that checked statistically for rates of change 
and meteorological representativeness. Due to the scarcity of quality control (QC) 
data, most of the data validation was performed by graphing the data and looking for 
outliers and patterns that did not fit known meteorological and physical patterns. In 
many cases it was not possible to decide whether the outlier or anomaly was real or 
bad data. Much of these data were left in the data base by agreement between the 
contracting officer and AeroVi ron me nt. 

The 1953-1 976 data set was provided in the form of paper annual summaries without 
supporting QC data. Likewise, the 1964-1977 data set was supplied as monthly 
summaries in Excel spreadsheet format without supporting QC data. An attempt was 
made to secure Local Climatological Data summaries and Daily Weather Maps from 
both the National Climatic Data Center in Ashville, North Carolina, and the Colorado 
State Meteorologist in order to make comparisons with either data collected at nearby 
monitoring sites or the large-scale meteorological flow patterns. This attempt ultimately 
failed due to the unavailability of these data at the local level and the high cost and long 
lead time required to secure these data on the National level. 



1.4.1 1953 to 1977 

The data collected during this period were not validated by AeroVironment. The data 
were provided without supporting QC data, which made it impossible to make the 
necessary comparisons. Time and budget constraints made it necessary to include 
these data as they were. 
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1.4.2 198 4 to 1993 

AeroVironment validated the data collected during this period. The monitoring station 
location during this period was the West Buffer Zone. The procedures used in the 
validation process were: 

The data were provided to AV on 90-megabyte (MB) Bernoulli disks (for MS 
DOS) along with all audit and service records that were used in the validation 
procedures. 

e The data were uploaded to the AV computer and automatically loaded into the 
database (MicroSoft Access). Members of the data validation team did random 
checks of the loaded data against the digital data to ensure. accurate data 
loading. Once the data loading had been verified, the percentage of values for 
data capture of the raw data were calculated. This information was then 
compared against the validated data base after all data edits and corrections 
had been performed. 

Once the loading of the data was completed, a preliminary screening routine was 
run. This screening checked the values for outliers (Le., data greater than or 
less than specified values) and maximum and minimum rates of change between 
adjacent observations (i.e., values changing more or less than specific amounts 
between readings). An example of a "flagged" output of hourly data designed 
and used by AV is shown in Figure 1.4. Data that do not pass the outlier or rate 
of change tests were flagged by the computer for further investigation. The 
computer also screened the data for consistency between the various levels on 
the tower. For example, changes in wind speed between vertical levels (i.e., 
wind shear) which exceeded a specified amount were flagged for further 
investigation. Lapse rates were also calculated between levels to check for 
consistency and reasonableness (e.g., an auto-convective lapse rate would have 
been flagged for additional validation). 

Next, time-series plots of the data were generated and inspected by a 
meteorologist in order to determine periods of questionable data, occurrences of 
anomalous events, and any interesting patterns. An example of a time-series 
plot generated by AV is shown in Figure 1.5. As a cross check, local 
climatological data (from NOAA) was obtained to determine if the data from the 
tower were reasonable and within expected ranges for the geographical area. 
Additionally, Site audit and service records were used to construct a station 
instrumentation "history" for all variables at each level on the tower. This history 
was used to determine periods of bad and/or questionable instrument response. 

Our team of meteorologists examined all of the above data and data products and 
determined which periods were valid and which were questionable. All periods of 
known instrument problems were marked for invalidation from the data base. Initially, 
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FIGURE 1.4. An example of a screened data output used in data validations. 
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these invalidations were limited to obvious failures of the meteorological sensor or data 
acquisition system, acts of nature (e.g., freezing or wind instruments followlng 
precipitation), and maintenance. All remaining flagged values were investigated by the 
meteorological analysis team to determine the validity of the data. In this phase of the 
task, we used daily weather maps (available from 1987 to the present) to help 
determine the validity of apparent anomalous data. Flagged data, which the 
meteorological analysis team found unacceptable, were marked for invalidation from 
the daiz base. Where Site audit and service records showed systematic problems with 
the data, the meteorological analysis team determined if the data could be corrected 
(i.e., adjusted) with reasonable confidence. Data which could not be salvaged were 
marked for invalidation. 

Once these tasks were completed, AV met with the contracting officer to discuss tne 
findings of the meteorological analysis team and the overall status of the data base. In 
this meeting we provided the contracting officer with information concerning additional 
characteristics and peculiarities identified in the data during the validation process. We 
showed all periods of data that had been marked for invalidation and adjustments, 
along with supporting documentation. An agreement was reached concerning the final 
form of the data base. 

In accordance with this agreement the data base was edited and corrected. All 
corrections and edits were reviewed by an unbiased person not involved with the 
validation process. When all data edits and corrections had been reviewed and 
confirmed, new monthly data files of validated data were created in the archive format 
specified by the contracting officer. The newly created data base was then supplied to 
the contracting officer with the old and new formats on 150 MB Bernoulli disks (for 
DOS). 
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Section 2 

DATA PRODUCTS 

The data products included in this section were produced in accordance with the 
Subtask list specified in the statement of work for this project. Section IV (Scope), Task 
A.7, Subtasks a-aaa specified the products that were produced using the 1984-1993 
datz set. Task E3.2 directed us to incorporate the 1953-1977 d 2 2  (n!nich is made u p  of 
the 1953-1 976 annual summaries and the 1964-1 977 monthly summaries) into Task A. 
Additionally, Task C.2 directed us to incorpora?e the Clear-Vu rain gauge data collected 
on Building 771 with the preci$ta?ion d a k  in Tasks A.7 and 5.2. 

As noted in Section 1.3.1, the data in the three data sets differ in the parameters 
collected and the time scales of the data. Because of these variations, the analyses 
were made based upon either the entire merged data set (1 953-1 993, excluding 1977- 
1983), the 1964-1 977 and 1894-1 993 da:a sets or the 1984-1 993 data set only. 

2.1 MONTHLY MEAN TEMPERATURES AND PRECIPITATION 

Of the three bar charts specified (temperature, precipitation and snowfall), only charts 
for temperature (Figure 2.1) and precipitation (Figure 2.2) were possible. Snowfall data 
for the Site were not available. Comparisons with Denver data were also not possible 
because of the difficulty in obtaining that data set. 

2.2 NORMALS AND EXTREMES 

Data used in the make up of Table 2.1 are as follows 

Data dealing with daily temperatures were based on the 1964-1577 and 1984- 
1993 data sets only. Daily temperature data were not available before 1964. 

Data dealing with daily relative humidity were based on the 1984-1 993 data set 
only. The tables required average maximum, minimum and mean daily relative 
humidity which could only be calculated from hourly da tz  Hourly relative 
humidity data were not available before 1984. 

Data dealing with dew-point temperature were based on the 1964-1977 and 
1984-1 993 data sets only. Dew-point temperature data were not availab!e 
before 1964. 

Data dealing with inso!ation were based on the 1964-1977 and 1984-1993 data 
sets. Insolation measurements were not performed before 1964. 
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Data requiring hourly wind direction and speed data were based on the 1984- 
1993 data set only. Hourly wind direction and speed data were not available 
before 1984. 

Data dealing with barometric pressure were based on the 1964-1977 and 1984- 
1993 data sets only. Barometric pressure data were not available before 1964. 

Data dealing with daily precipitation were based on the 1964-1577 and 1987- 
1993 data sets oniy. Daily precipitation data were not availabie before 1964. 
Precipitation data for years 1984-1986 were excluded due to the data being 
incomplete. 
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2.3 TEMPERATURE AND MOISTURE 

2.3.1 Monthly Mean Tempe ratures 

The specified bar chart (Figure 2.3) and table (Table 2.2) do not include Denver data 
for comparison due to the nonavaiiability of Denver data. 

Diffe:snces exist between the data in this char7 and the data in the table presented in 
Secri3n 2.2 Tnis chart encompasses all da;a collected between 1353 anc 1993 while 
the data in Table 2.1 exclude the data collected before 1964. The differences are tied 
to the greater rancj,e of temperatures characteristic to the Building 123 location as 
comszred t= ?be Wes! Buffer Zone. Because ihe Table 2.1 data are made u p  of 2 
greaier prcponion of West Buffer Zone data thar; the Figure 2.3  cia;^,, rne temFerarure 
ranges will be less. 
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2.3.2 Hourly Temperatures and Humidity 

The specified tables (Tables 2.3 through 2.14) and figures (Figure 2.4 through 2.7) do 
not include Denver data for comparison due to the nonavailability of Denver data. The 
tables and figures were based on the 1984-1 993 data set only. Hourly data were not 
available berore 1984. 

Average temperatures and humidity values do not appear to change much from hour to 
hour each month .  A check of the raw data revealed a scatter of values that 
encompassed the normal range of temperatures for all periods. The averages of these 
ranges give the ialse impression that the measurements are incarreel. 
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TABLE 2.3. January Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
Mixing Ratio, and Absolute Humidity (1 984-1 993). 

Wet- 
TemDeratures (Fi Bulb Relatlve Dew-Point Mixing Absolute 

Upper Lower Temp Humdity Temp Ratio Humldlty 
Hour Avg . 10% 1 0% (F) ( 96 ) (F) (qikg) (g/rn3) 

0 30.7 45.0 13.1 23.1 43.8 8.9 1.9 1.9 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

30.3 
30.2 
30.2 
30.2 
30.1 
30.0 
30.1 
30.4 
31.2 
32.6 
33.6 
34.7 
35.3 
35.7 
35.6 
34.9 
33.3 
32.3 
31.8 
31.4 
31.1 
30.9 
30.7 

45.0 
44.7 
44.4 
44.6 
44.5 
44.9 
44.8 
45.2 
45.9 
47.0 
47.9 
48.9 
50.5 
50.3 
49.9 
48.6 
47.2 
46.7 
45.7 
45.1 
45.2 
45.2 
44.9 

12.1 

11.7 
11.2 
11.2 
11.7 
12.1 
12.5 
13.0 
14.2 
15.3 
16.0 
15.7 
16.0 
16.8 
15.7 
14.4 
13.3 
12.8 
12.1 
12.0 
12.2 
12.1 

1 i .a 
23.0 
22.5 
22.9 
22.7 
22.5 
22.6 
22.6 
22.9 
23.4 
24.5 
25.5 
26.3 
26.5 

27.1 
26.0 
25.2 
24.6 
24.2 
23.8 
23.6 
23.2 
23.3 

26.8 

43 6 
43 j 
43 3 
43 3 
42 9 
43 0 
43 2 
43 1 
43 0 
43 5 
43 5 
42 4 
42 0 
41 6 
41 8 
42 2 
43 7 
44 2 
44 3 
44 2 
44 2 
44 5 
44 2 

6.5 
e.3 
8.4 

7.9 
7.8 
7.9 
8.2 
9.1 
10.4 
11.2 
11.7 
12.1 
12.2 
12.2 
11.9 
11.3 
10.7 
10.3 
9.9 
9.6 
9.4 
9.1 

8.1 

1.6 

1.8 
1.8 
1.8 
1.8 
1.8 

1.9 
2.0 
2.1 
2.1 
2.1 
2.2 
2.2 
2.1 
2.1 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 

, -  
I .c, 

1 .a 

1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
1.9 
1.9 
1.9 
2.0 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 

Avg. 32.0 24.1 43.3 9.8 2.9 2.0 



ABLE 2.4. February Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
ixing Ratlo, and Absolute Humidity (1 984-1 993). 

Wet- 
Temperatures (F) Bulb Relat ive Deiv Point Mixing Absolute 

Upper iolwer rernp Temp Ratio Humidity 1-1 J iTld I: y 

Hour Avg . 1 0% 1 0% (F) (46) i F) (g/kg ) !g/rn3). 
0 32.3 45.2 15 9 25 5 49 2 : 3  0 2 3  2 3  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

31.9 
31.6 
31.5 
31.2 
31.2 
30.9 
30.9 
31.5 
32.9 
34.7 
36.4 
37.9 
38.6 
39.3 
39.1 
38.5 
37.0 
35.2 
34.2 

33.4 
33.1 
32.8 

33.8 

44.6 
44.4 
d4.5 

45.2 
44.4 
44.1 
44.8 
46.7 
48.0 
49.7 
51 .O 
51.8 
52.9 
52.9 
52.3 
50.6 
48.5 
47.7 
47.0 
46.2 
45.9 
45.5 

44.8 

16 2 
16.4 
16.6 
15.9 
15.8 
15.3 
15.6 
14.8 
15.2 
17.3 
19.0 
19.9 
20.0 
21.7 
19.9 
19.1 
17.6 
16.7 
15.9 
15.3 
13.9 
16.2 
15.9 

25 2 
24 .5  
24 7 
24.5 
24.2 
24.2 
24.1 
24.7 
25.6 
27.0 
28.3 
29.3 
29.6 
29.8 
29.8 
29.4 

27.5 
26.9 
26.5 
26.2 
26.1 
25.8 

28.6 

49 4 
45 8 
49 4 
49 4 
49 2 
45.1 
48.7 
49.1 
48.8 
47.6 
45.6 
43.9 
43.2 
42.5 
42.6 
43.5 
45.8 
47.7 

48.6 
48.9 
49.2 
49.3 

48.8 

1 2  7 
12 6 
12.3 
12.1 
12.0 
11.7 
11.6 
12.3 
13 4 
14.4 
15.0 
15.5 
15.6 
15.8 
15.7 
15.6 
15.5 
14.9 
14.5 
14.1 
13.9 
13.8 
13.5 

2.2 
2 .2  
2.2 
2.2 
2.1 
2.1 
2.1 
2.2 
2.3 
2.4 
2.4 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 

. 2 3  
2.3 
2 .2  
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.4 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 

Avg . 34.2 26.6 47.5 13.8 2.3 2.4 
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TABLE 2.5. March Hourly Temperature, Wet-bulb Temperature, and Relative Humidity 
Mixing Ratio, and Absolute Humidity (1 984-1993). 

Wet- 

Upper Lower Temp Humidity Temp 
Temperatures (F) Bulb R e I at I ve Dew - Po I n t 

Hour 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Avg. 

. .  
Avg. 10% 1 0% (F) 
36.8 48.6 22.6 29.5 
36.4 
36 0 
35.5 
35.2 
34.9 
34.7 
35.0 
36.4 
38.2 
39.9 
41.6 
43.0 
44.2 
45.0 
45.3 
44.9 
44.2 
42.6 
41 .o 
39.8 
39.0 
38.2 
37.5 

49.0 

47.9 
47.2 
46.6 
46.6 
47.0 
48.7 
50.3 
52.4 
54.7 
56.2 
57.7 
58.4 

' 58.9 
58.3 
57.3 
55.6 
53.4 
51.9 
50.8 
50.2 
49.0 

48.3 
21.9 
21.6 
21.4 
21.3 
20.9 
20.9 
21.1 
22.0 
22.6 
24.0 
25.1 
26.8 
27.7 
28.9 

27.9 
27.3 
26.4 
26.0 
25.1 
24.3 
23.5 
23.1 

28.9 

29.3 
26.5 
28.6 
28.3 
28.1 
27.9 
28.2 
29.2 
30.5 
31.4 
32.6 
33.4 
34.2 
34.4 
34.5 
34.3 
34.0 
33.1 
32.1 
31.5 
31 .O 
30.5 
30.7 

39.4 31.1 

( 46 ) 
50.2 
50 4 
50.7 
50 9 
51.1 
51.2 
50.7 
50.9 
50.1 
48.7 
46.6 
45.0 
43.5 
42.8 
41.4 
40.9 
41.4 
42.3 
44.2 
45.5 
47.3 
48.2 
49.3 
49.8 

47.2 

Dew-point Temperature, 

M i x i ng ASsol u t e 
Ra!iD Humidity 

0 
18.1 
17.7 
17 4 
:7 1 
16.8 
16.7 
164 
16.7 
17.6 
18.5 
18.9 
19.5 

20.1 
19.9 
19.9 
19.8 
19.9 
19.6 
19.1 
19.0 
18.8 
18.8 
18.5 

18.5 

19.8 

2.7 2.8 

2.7 2.7 
2.6 2.7 
2.6 2.7 
2.6 2.6 
2.6 2.7 
2.7 2.7 
2.8 2.8 
2.8 2.9 
2.9 2.9 
2.9 3.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
2.9 3.0 
2.9 2.9 
2.9 2.9 
2.9 2.9 
2.9 2.9 
2.8 2.9 

2.8 C. - 
L . ,  

2.8 2.9 
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4BLE 2.6. April Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
ixing Ratio, and Absolute Humidity (1 984-1993). 

Wet- 
Temperatures (F) Bulb Relative Dew-Pomt Mixing Absolute 

bppe: L w e r  Tern? Hdill i j l ty Temp Fiam Humidity 
Hour Ava 1@0/0 1 0% (F) P/S) (F) (q 'ka)  (u/m3) 

34 '3 5c 7 24 1 3 5  3 6  
c 

1 

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

Avg . 

r 
L 

43.0 
42.4 
41.8 
41 4 
41 .o 
40.6 
40.6 
41.5 
43.5 
45.3 
47.1 
48.5 
49.9 
50.8 
51.5 
51.8 
51.7 
51.2 
50.1 
48.3 
46.8 
45.8 
44.9 
43.9 

46.0 

53.9 
53.4 
53.1 
52.6 
52.4 
52.2 
51.7 
53.3 
55.6 
58.0 
60.2 
61.8 
63.3 
64.0 
64.3 
65.3 
64.9 
64.4 
63.2 
61.2 
59.4 
57.7 
56.5 
55.3 

29.8 
29 6 
3:. 3 
29.0 
29.0 

28.7 
29.0 
30.3 
31.6 
32.4 
32.7 
33.1 
33.6 
34.2 
34.8 
35.4 
33.9 
34.1 
33.2 
32.8 
32.3 
31.6 
30.6 

LI. 

28.9 

34 5 
34.0 
33 6 
33.4 
33.1 
33.2 
33.9 
35.0 
36.2 
37.2 
37.9 
38.7 
39 0 
39.3 
39.6 
39.5 
39.3 
39.0 
38.2 
37.5 
36.8 
36.4 
35.5 

36.5 

'1 3 
51.8 
52 0 
51.8 
51.6 
51 .O. 
51 . I  
49.6 
47.9 
46.5 
44 6 
42 4 
41.1 
40.7 
40.6 
40.6 
41.4 
43.1 
45.4 
47 4 
48.4 
49.0 
49.9 

47.1 

23 7 
23.4 
23.0 
22.7 
22.4 
22.2 
23.0 
24.0 
24.7 
25.2 
25.2 
25.1 
25.0 
25.2 
25.4 
25.4 
25.6 
25.8 
25.8 
25.6 
25.3 
24.8 
24.5 

24.5 

3 5  " j  

3.5 3.5 
3.4 3 4  
3.4 3 4  
3.3 3.4 
3.3 3.3 
3.4 3.4 
3.6 3.6 
3.7 3.7 
3.7 3.7 
3.7 3.7 
3.7 3.7 
3.7 3.7 
3.7 3.7 
3.8 3.7 
3.8 3.7 

3.8 3.8 
3.8 3.8 
3.8 3.8 
3.7 3.8 
3.7 3.7 
3.6 3.6 

" 

3.8 3.8 

3.6 3.6 
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TABLE 2.7. May Hour ly  Temperature, Wet-bulb Temperature, a n d  Relative Humidity, Dew-point Temperature, 
Mixing Ratio, and Absolute Humidity (1984-1993). 

Wet- 
Temperatures Bulb Rel:tlve Dew-Point h.lixlng Absolute 

31 IC humidity L3L'Jt'' Tern? ' 4 ~ r ~ i j ~ t y  Temp Upper 
H 011 r Avg. 10% 1 OO/b (F) ( 0 1  / C \  (F) (aikg) (4/rn3) 

45  7 30 6 61 .O 39 9 41.5 4 6  0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Avg. 

51.8 
51.3 
50.5 
50.0 
49.1 

48.9 
50.6 
52.6 
54.5 
56.6 
58.4 
59.6 
60.6 
61.2 
61.7 
61.7 
61.2 
59.8 
58.0 
56.2 
54.8 
53.7 
52.8 

55.2 

48.6 

60.8 

58.3 

59.9 
59.7 

57.8 
58.6 
60.5 
63.6 
66.5 
69.3 
70.6 
72.4 
73.1 
73.9 
73.9 
74.1 
73.4 
71.4 
69.3 
66.5 
64.8 
63.6 
62.7 

39.2 
38.1 
37 4 
37.4 
37.4 
37.5 
38 4 
39.4 
40.2 
41.8 
43.0 
43.9 
44.3 
44.9 
46.1 
46.4 
46.6 
45.9 
44.3 
44.0 
42.7 
41.7 
40.9 

41.2 
4G 8 
40.5 
40.1 
39.8 
39.9 
4: .5 
42.7 
43.6 
44.7 
45.5 
45.9 
46.3 
46.7 
46.8 
46.8 
46.6 
46.1 
45.5 
44.5 
43.5 
43.0 
42.4 

43.6 

4- 6 
4 2  - 
49 6 
5G 6 
5; 2 
51 9 
51 3 
49 3 
46 9 
43 5 
41 2 
39 5 
36 1 
37 7 
36 7 
36 8 

3'1 8 
42 0 
43 9 
45 0 
46 2 
46 5 

44 5 

"c, 

37 a 

2-1 5 

30.3 
30.2 
30.1 

29.7 
30.4 
31.8 
32.6 
33.0 
33.0 
33.1 
32.9 
32.6 

32.6 
32.7 
33.0 
33.1 
33.1 
32.7 
32.3 
32.0 
31.5 

31.9 

29.8 

32.8 

3 6  
4 5  
4 5  
4 5  
4 4  
4 6  
4 8  
5 0  
5 1  
51 
5 1  
5 1  
5 0  
5 0  
5 0  
5 0  
5 1  
5 1  
5 1  
5 0  
4 9  
4 9  
4 7  

4 9  

4 6  
4 5  
4 5  
4 5  
4 . 5  
4 4  
4 6  
4 8  
4.9 
5.0 
5.0 
5.0 
5.0 
4.9 
4.9 
4.9 
4.9 
5.0 
5.0 
5.0 
5.0 
4.9 
4.8 
4.7 

4.8 



ABLE 2.8. June Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
Iixing Ratio, and Absolute Humidity (1 984-1993). 

Wet- 
Temperatures (F) Bulb Relative Dew-Point Mixing Absolute 

Upper Lower T e m p  Hunildity Temp R L2t to humidi!v 
H o u r  Avg . 1 OO/& 1 0% (F) ( O/O ) (, F) (q'kq! (g/rn3) 

0 60.0 68.2 50.0 48  2 46.8 38 1 6.1 6.0 
I 

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

CI 
L 

53 4 
55 - 
5s 0 
5; 4 
57 0 
57 8 
59 5 
61 8 
63 8 
65 7 
67 4 
68 8 
69 9 
70 5 
70 5 
70 2 
69 6 
68 7 
67 0 
64 9 
63 4 
62 3 
61 2 

67.6 
66.3 
65.3 
65.3 
64.5 
65.0 
68.2 
72.0 
74.5 
76.0 
77.5 
78.8 
80.0 
80.2 
80.1 
79.6 
78.0 
78.0 
75.7 
73.5 
72.1 
70.1 
69.1 

45.4 
48.9 
48.5 
47.9 
47.9 
49.1 
50.1 
51.2 
52.6 
54.1 
55.2 
56.3 

58.9 
58.7 
57.4 
57.2 
55.9 
54.5 
53.1 
52.3 
51.9 
50.9 

58.3 

4; 7 
4; 2 

46 4 
46 2 
46 9 
48  3 
49 6 
50 7 
51 4 
51 9 
52 5 
52 7 
53 1 
53 0 
52 9 
52 6 
52 3 
51 7 
50 8 
50 1 
49 3 
48 8 

46 a 

47.2 

48.2 
48.5 
48.9 
49.0 

47.3 
45.0 
42.2 
40.0 
38.0 
36.4 
35.6 
35.6 
36.1 
36.6 
37.9 
40.2 
42.5 
43.8 
44.6 
45.7 

1 -  - 
-r I , 

48.8 

37 7 

37 I: 
36 6 
36 5 
37 3 
38 8 
40 0 
40 4 
40 5 
40 4 
40 2 
39 9 
39 8 
39 8 
39 8 
39 8 
39 9 
40 1 
39 8 
3s 4 
38 9 

-7 n V !  Lt 

38 5 

6 1  

55 
58 
5 8  
60 
6 3  
6 6  
6 8  
6 8  
6 8  
6 7  
6 7  
6 6  
6 6  
6 6  
6 6  
6 6  
6 7  
6 6  
E 5  
6 3  
6 3  

- r  

L L  

6.0 
5 5  

5.7 
5.7 
5.9 
6 2  
6.5 
6.6 
6.6 
6.6 
6.5 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.5 
6.4 
6.3 
6.2 
6.1 

5 a  

Avg . 63.9 50.1 43.0 39.0 6.4 6.3 
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TABLE 2.9. July Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
Mixing Ratio, and Absolute Humidity (1 984-1993). 

Wet- 
Temperatures iF) Bulb Relative DewPoint P;lixing Absolute 

Upper L a;v e : Temp. i-i li n-i i 2 1 1  y T 2 ,TIP. , . i l< iU i iumidltv 7 )  ,. d - 
Hour Avg 1 0% 1 0% (F) (96)  (F) (a’kg) (g/m3) 

0 65 3 72 3 57 1 52 0 ‘45 3 42 0 ’1  7 0  
1 

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

3 
63.6 
63.9 
63.2 
62.6 
62.2 
u . 5  
64.1 
66.4 
68.7 
71 .O 
72.7 
74.0 
75.1 
75.7 
75.7 
75.5 
74.8 
73.5 
71.9 
70.0 
68.4 
67.3 
66.2 

71 9 
i i  5 
71.4 
70.3 
70.3 
70.8 
73.0 
76.3 
78.7 
80.5 
81.8 
82.8 
83.5 

84.3 
84.0 
83.1 
81.6 
79.6 
77.6 
75.8 
74.6 
73.5 

84.3 

56.7 
56.1 
55.1 
54.6 
54.3 
54.2 
55.6 
57.8 
59.7 
61.9 
63.2 
64.5 
65.4 
65.4 
64.9 
64.8 
63.6 
63.1 
62.2 
61.1 
59.5 
58.5 
57.9 

51 4 
5 i  1 
52 8 
50 4 
50 1 
50 6 
51 8 
53 1 
54 2 
55 1 
55 7 
56 1 
56 5 
56 6 
56 4 
56 4 
56 2 
55 8 
55 2 
54 4 
53 7 
53 1 
52 5 

4 5  8 
-16 3 
47 2 
48 0 
48 3 
48 5 
48 6 
46 7 
44 1 
41 2 
38 7 
36 9 
35 6 
34 9 
34 5 
35 0 
36 1 
37 8 
39 9 
41 5 
42 8 
43 7 
44 8 

41 5 
41.2 
41 .O 
40.8 
40.5 
4: .1 
42.6 
43.6 
44.2 
44.2 
44.0 
43.9 
43.7 
43.5 
43.4 
43.4 
43.5 
43.6 
43.8 
43.5 
43.1 
42.7 
42.4 

7 ci 
6 Y  

69 
68 
68 
69 
7 3  
7 6  
7 7  
7 8  
7 7  
7 7  
7 6  
i6 
I 5  
7 6  
7 6  
7 6  
7 7  
7 5  
7 4  
7 3  
7 2  

’ 

69 
6.8 
6.7 
6.7 
6.7 
6.8 
7.2 
7.4 
7.5 
7.5 
7.4 
7.4 
7.3 
7.3 
7.2 
7.3 
7.3 
7.4 
7.4 
7.3 
7.2 
7.1 
7.1 

Avg . 69.0 53.7 42.2 42.8 7.4 7.2 
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S B L E  2.10. August Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
ixing Ratio, and Absolute Humidity (1 984-1993). 

Wet- 
Temperatures (F) Bulb Relative Dew-Point Mixing Absolute 

l J ? W  Lower Temp Humidity Temp Ratio Humidity 
Hour AVQ 1 0% 1 0% (F) (46) (F) (aika) (qrn3) 

0 64 6 71 6 56 7 51 3 
1 
7 
L 

3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 

19 
20 
21 
22 
23 

Avg 

a 

i a  

63.9 
63.3 
62.8 
62.4 
61.9 

63.2 
65.5 
67.7 
69.7 
71.4 
72.6 
73.4 

73.8 
73.5 
72.4 
71.2 
69.4 
67.7 
66.7 
65.9 
65.2 

67.7 

61 .a 

72 .a 

Sli 1 X L S - T O h r t 4  2,: 

7 ?  5 
7G.9 
70.6 
70.3 
69.2 
69 4 
70.9 
74.0 
76.6 

79.9 
80.7 
81.4 
81.9 
82.1 
81.7 
80.7 
79.5 
77.1 
74.7 

73.0 
72.5 

78.3 

73.8 

.‘t. 

55 8 
55 5 
54 5 
54.1 
54.1 
53 7 
54.6 
56.5 
58.2 
60.1 
61 .O 
62.8 
63.3 
63.6 
62 6 
62.5 
61 6 
60.9 
59.3 

57.4 
57.1 
57.0 

58.2 

51 2 
52 6 
50 2 
49 9 
49 5 
49 5 
50 8 
52 3 
53 2 
54 1 
54 8 
55 2 
55 6 
55 7 
55 6 
55 6 
55 3 
54 9 
54 0 
53 2 
52 7 
52 2 
51 a 

52 9 

44 4 
< K  - q 
45 ci 
4 5  - 
45 8 
46 0 

47 0 
45 5 
42 9 
40 4 

36 6 
35 6 
35 1 
35 3 
35 6 
37 4 
38 6 
40 7 
42 1 
43 1 

44 0 

41 7 

46 a 

38 5 

43 a 

2-1 8 

41 1 
. IC  8 
4c 5 
40 1 
39 8 
39 5 

41 2 
42 4 
42 8 
43 1 
43 3 
43 2 
43 1 
43 0 
43 0 
42 9 
43 1 
43 1 
43 0 
42 6 
42 3 
42 0 
41 4 

42 0 

3s 8 

6.8 6.7 
5.8 !-I/ 

6.7 6.6 
6.6 6.5 
6.5 6.4 
6.5 6.4 
6.5 6 4  
6.9 6.8 
7.2 7.1 
7.3 7.1 
7.4 7.2 
7.4 7.2 
7.4 7.2 
7.4 7.1 
7.4 7.1 
7.4 7.1 
7.4 7.1 
7.4 7.2 
7.4 7.2 
7.4 7.1 
7.2 7.0 
7.1 7.0 
7.1 6.9 
6.9 6.8 

n-7  

7.1 6.9 



TABLE 2.1 1. September Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
Mixing Ratio, and Absolute Humidity (1 984-1993). 

Wet- 
Relat ive Dew-Point Mixing Absolute 

H u m t d 1 t v -T 

Tem?eratures (F) Bulb 
Upper Lower Tern? L i d i n j 5 I y  l"2 ???I9 

Hour Avg 1 0% 1 0% (F) ( 96 ) (F) (a'ka (@m3 1 
5; 8 33 9 5 3  5 2  43 2 0 

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

Avg 

1 5;. 1 
56.6 
56.1 
55.5 
55.1 
54.6 
55.2 
57.2 
59.5 
61.6 
63.3 
64.8 
66.0 
66.9 
67.3 
67.0 
66.3 
64.4 
62.2 
60.9 
59.7 

58.2 

60.5 

58.8 

66 4 

65 3 
65 0 
64 1 
64 1 
63 5 
65 0 
67 4 
70 2 
72 7 
74 4 
75 1 
76 1 
77 2 
77 5 
77 2 
76 5 
74 1 
72 0 
69 3 

67 5 
66 5 

r r  
' J L  c 

68 2 

45.2 
4 4  2 
43.5 
43.0 
43.0 
42.3 
41.7 
41.9 
43.6 
44.6 
46.1 
47.8 
49.0 
50.1 
51.9 
53.1 
52.9 
52.1 
50.7 
49.5 
48.3 
47.4 
46.3 
45.6 

4 5  s 
4 5  0 
44 9 
44 7 
44.2 
43.7 
43.6 
44.2 
45.6 
46.7 
47.7 
48.8 
49.3 
49.7 
50.2 
50.2 
50.1 
49.8 
49.1 
48.0 
47.3 
46.7 
46.2 
45.9 

47.0 

4 3  7 

44.6 
44.8 
45.3 
45.9 
46.3 
45.3 
42.9 
40.6 
38.7 
36.7 
35.2 
34.1 
33.7 
34.3 
35.1 
37.2 
39.2 
40.1 
41.3 
42.1 
42.4 

40.7 

' A  r, L t c t . "  

33 6 
23 i 
33 2 
32 8 
32 6 
32 4 
33 2 
34 5 
35 1 
35 6 
36 0 
35 8 
35 8 
35 9 
35 6 
35 6 
35 7 
35 7 
35 3 
34 7 
34 4 
34 1 
33 8 

34 5 

5.2 

5.1 
5.1 
5.0 
5.0 
5.2 
5.4 
5.5 
5.6 
5.7 
5.6 
5.6 
5.7 
5.6 
5.6 
5.7 
5.7 
5.6 
5.5 
5.4 
5.3 
5.3 

5.4 

- n  

2 L  

5.2 
5 1  
5.1 
5.0 
5.0 
5.0 
5.1 
5.4 
5.5 
5.5 
5.6 
5.5 
5.5 
5.5 
5.4 
5.5 
5.5 
5.5 
5.5 
5.4 
5.3 
5.3 
5.2 

5.3 
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\BLE 2.12. October Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
Xing Ratio, and Absolute Humidity (1 984-1993). 

Wet- 
Temperatures iF) Bulb R e I at i ve Dew - Po i nt M I x I ng Atsolute 

upper  Lower I emp .  humidity Temp Ratio Hurnidttv 
- 

Hour Avg . 1 oo/o 1 096 (O/O) F i  alk ) (alrn3) 
3Q.l 37.5 39 6 23.3 3.4 3 4  0 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 - 
21 
22 
23 

a 

Avg . 

48.3 
47 7 
47.0 
46.6 
46.3 
46.0 
45.6 
45.6 
46.8 
49.0 
50.8 
52.4 
53.8 
55.2 
55.9 
56.3 
55.9 
54.7 
52.8 
51.5 
50.4 
49.5 , 

48.7 
48.2 

50.2 

60 5 
GO 0 
55 4 
59 3 
58 9 
58 5 
58 0 
57 9 
59 8 
63 4 
65 0 
66 6 
68 0 
69 2 
70 1 
70 5 
69 3 
68 1 
65 6 
63 8 
62 3 
6 1 2  
60 5 
59 9 

29 7 
23.2 
28 6 
28.4 
28 4 
28.3 
28.7 
29.2 
29.6 
30.8 
31.7 
32.0 
33.6 
34.3 
35.4 
33.9 
33.4 
32.8 
31.6 
30.5 
30.3 
30.2 
29.3 

27 2 
36.7 
36.2 
36.3 
36.0 
35.8 
35.9 
36.7 
38.1 
39.2 
40.1 
40.9 
41.6 
42.0 
42.1 
41.9 
41.4 
40.5 
39.6 
38.8 
38.5 
37.8 
37.5 

30.7 

4,- ? - t i  - 
40 8 
40 7 
40 9 
41 5 
41 8 
42 5 
42 7 
40 6 
39 3 
37 7 
35 9 
34 6 
33 9 
33 4 
33 4 
34 5 
36 5 
37 6 
38 4 
39 1 
39 9 
40 2 

38 6 

22 9 
22.6 
22 4 
22 2 
22.2 
22.1 
22.4 
23.5 
24.2 
24.9 
25.4 
25.5 
25.8 
25.7 
25.8 
25.5 
25.3 
25.1 
24.6 
24.1 - - 
23.8 
23.6 
23.4 

24.0 

7 T  
v.J 

3.3 
3.2 
3.2 
3.2 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.6 
3.6 
3.5 
3.4 
3.4 
3.4 

3.5 

- .  

3 3  
3 3  
3.3 
3.2 
3.3 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.7 
3.7 
3.7 
3.7 
3.6 
3.6 
3.6 
3.5 
3.5 
3.4 
3.4 
3.4 

3.5 

- 

2-20 



TABLE 2.13. November Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Tempeiature, 
Mixing Ratio, and Absolute Humidity (1 984-1993). 

Hour 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Avg. 

Temxratures iF\ 

Ava.  1 0% loo,; 
38.3 51.6 22.7 

513.0 I Z  3 

37.2 50.2 20.1 
37.2 50.4 20.1 
37.2 50.4 20.2 
37.1 50.6 20.3 
37.0 50.6 20.5 
36.8 50.4 20.3 
37.2 51.2 20.2 
38.6 52.6 20.8 
40.4 54.1 22.1 
41.4 55.9 22.5 
42.7 56.9 23.0 
43.5 57.6 23.7 
44.1 58.2 23.4 
43.9 57.9 23.1 
43.2 57.4 22.6 
41.5 55.0 21.3 
40.2 53.2 2c.2 
39.5 52.9 19.6 
39.1 52.3 19.8 
38.8 52.1 20.2 
38.6 51.5 20.8 
38.3 51 .O 21.7 

Upper Lower 

. -  _. m -  - s i  / 

39.6 

Relative Dew-Point 
Humidity Temp. 

f O;" i (F\ 
30 2 
25 0 

29 6 
29 2 
29 4 
29 1 
29 2 
23 9 
29 1 
30 3 
31 4 
32 3 
33 0 
33 7 
33 9 
33 7 
33 3 
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J B L E  2.14. December Hourly Temperature, Wet-bulb Temperature, and Relative Humidity, Dew-point Temperature, 
ixing Ratio, and Absolute Humidity (1  984-1993). 

Wel- 
Temperatures (F) Bulb Relat ive DewPoint  Mixing Absolute 

Upper Lower Temp Humidity Temp Ratio Humidlty 
Hour Avg 10% 1 0% (F) (%, iF) ig’kci (g’m3) 

9 3  1 9  2 0  31.3 46.5 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Avg . 

30.9 
30.6 
30.4 
30.2 
30.5 
30.3 
30.2 
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FIGURE 2.4. Mean Temperatures, Relative Humidity, Wet-bulb and Dew-point Temperatures 
for January (1984-1993). 
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FIGURE 2.5. Mean Temperatures, Relative Humidity, Wet-bulb and Dew-point Temperatures 
for April (1984-1993). 
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FIGURE 2.6. Mean Temperatures, Relative Humidity,  Wet-bulb and Dew-point Temperatures 
for Ju ly  (1984-1993). 
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2.3.4 Desian Temperatures 

Design temperatures represent expected extreme hot and cold conditions based on 
compiled data. Winter and summer design data are used in specifications for heating, 
ventilating, and air conditioning equipment. Design temperatures are temperatures that 
are equaled or exceeded for a specified number of hours in a year. The number of 
hours is given as a percentage of the 8760 hours contained in a 365-day year. For 
example, a 0.1% design temperature indicates a temperature that is equaled or 
exceeded for 8.75 hours during the year. Summer and winter design temperatures 
were calculated using historical, 15-minute-averaged temperatures. Winter and 
summer design temperatures represent extreme cold and warm temperatures, 
respectively, for the entire year, not just for the respective season. 

Table 2.1 6 was based on the 1984-1 993 data set only. Hourly data were not available 
before 1984. As in the example above, this analysis was based on a total of 8760 
hours contained in a 365-day year. 

See Sections 1.3.2 and 1.4 for a discussion on temperature data quality. 
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2.3.5 Vertical Temperature Profiles 

The temperature profiles presented in Figure 2.8 were constructed from averages of 
continuous temperature measurements collected at the l o - ,  25- and 61 -meter levels of 
the tower at the West Buffer Zone location. The profiles were based on the 1984-1993 
data set only. Hourly data were not available before 1984. The ordinant scales differ 
between the four graphs due to the expected temperature ranges for each season. 
The profiles are representative of the West Buffer Zone location. See Section 1.4 for a 
discussion on the quality of these data. 
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FIGURE 2.8. Vertical Mean Temperature Profi les for January, April, July and  October (1984-1993). 
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2.3.6 Heating Dearee Davs 

A heating-degree day is defined as the number of degrees (Fahrenheit) the daily mean 
temperature is below a certain temperature; 65OF is a commonly used base. For 
example, if a certain day has a high temperature of 60°F and a low temperature of 
403F, the daily mean would be 50°F, which would give 15 heating-degree days (from 
the 65°F base) for this day. Heating-degree days (65" base) are good for estimating 
fuel requirements for heating and are also used for structural design considerations. 

Heating-degree-day data for the base 65°F (Table 2.17) and bases other than 65°F 
(Table 2.1 8) were based on the 1984-1 993 data set only. Heating-degree-day-data 
were not available before 1 984. The heating-degree day information is representative 
of the West Buffer Zone location. See Section 1.4 for a discussion of data quality. 
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2.3.7 Growinn-Seaso n Data 

Means and extremes of early- and late-season cold temperature occurrences were 
calculated from the historical Site temperature data bases (1 953-1 977 and 1984-1 993). 
The calculations were based on temperatures of 36"F, 32OF, 28OF, and 24°F 
(Table 2.19). The average spring and fall dates were calculated by averaging the 
Julian date for the specified cold temperature occurrences for each year. The extreme 
dates were determined from a query of the data base using the specified temperatures 
and an algorithm that looked for the earlies? spring date and latest fall date. Because 
the temperatures are measured zt various heights at the different locations, ground 
temperatures will vary in relation to the measured temperatures under some weather 
conditions. For example, a 36°F low temperature indicates a light frost because actual 
ground temperatures may approach 32°F under clear skies and light winds. Also 
because the temperature sensor was located on a rooftop untii April 1975, the actual 
ground temperature may exceed the measlrred temperatures. A 32°F low temperature 
is defined as a freeze; a 28°F low temperature represents a hard freeze. The 
difference between 28°F and 32°F is enough to affect plants differently. A low 
temperature of 32°F may have little. effect on fruit trees (elevated above ground), 
whereas plants near the ground i7' ::y be heavily damaged because ground-level 
temperatures or temperatues in local low spots may be several degrees colder than 
the indicated temperatures. A 28°F low temperature, however, may be cold enough to 
damage plants, such as fruit trees, well above the ground. 
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2.3.8 Freeze-Thaw Davs 

Freeze-thaw days are defined as days in which the maximum temperature is greater 
than 32°F and the minimum temperature is 32°F or lower. The change in temperatures 
from above freezing to below freezing is stressful to materials such as conerete and 
asphalt. In fact, damage to roads and highways increases with frequent freezing and 
thawing. 

Table 2.20 was based on the 1964-1 977 and 1984-1 993 data sets. Daily temperature 
data were not available before 1964. It should be noted tha t  the placement of tne 
temperature sensor on a rooftop (before May 1975) caused more freeze-thaw days to 
be reported than after the monitoring station was moved to the West Buffer Zone. 
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TABLE 2.20. Site Freeze-Thaw Days (1964- 1977, 1984-1 993). 

Number of Freeze-Thaw Days 
Maximum Minimum MEAN Standard 

Month on Record on Record Deviation 

January 
Febuary 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

23 
23 
25 
18 
7 
0 
0 
0 
6 
12 
20 
23 

4 

8 
2 
1 
0 
0 
0 
3 
1 
1 
7 

a 
14.5 
15.0 
13.7 

2.2 
0.0 
0.0 
0.0 
4.3 
4.8 
12.5 
16.4 

8.5 

5.0 
4.6 
4.2 
4.5 
1.7 
0.0 
0.0 
0.0 
1.5 
3.1 
4.1 
4.8 
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2.3.9 Extreme Apnarent Temperatures 

Apparent temperature incorporates primarily temperature, together with wind speed 
and atmospheric humidity, to gauge the relative weather effects on the human body. 
Greater wind speeds increase the amount of heat removed from an exposed body, 
thereby lowering apparent temperature: greater atmospheric moisture lowers 
evaporation, thereby increasing apparent temperature. Apparent temperature can also 
be affected by sunshine intensity. 

Apparent temperature is a convenient comfort indicator because it can be compared 
between winter and summer. The National Weather Service routinely reports apparent 
temperatures during the summer; the wind-chill factor is commonly used in the winter. 
As stated, the apparent temperature includes the effects of both wind and mois?ure. In 
practice, calculated mean apparent temperatures are usually similar to calculated mean 
wind-chill values. 

Apparent temperatures were calculated from 1 5-mi nu t e-ave raged temperatures 
measured during January and July, the two months with the most extreme 
temperatures. A simplified equation, suggested by Steadman (1 984), was used to 
determine apparent temperature in the shade: 

At,, = -2.7 + 1.04T -t 0.2e - 0 . 6 5 ~  

Where: 

Atu, = apparent temperature ("C) 
T = temperature ("C) 
e = vapor pressure (mbar) 
u = near-surface wind speed (m/s) 

The 15-minute-averaged vapor pressure was calculated from the relationship between 
relative humidity and the saturation vapor pr, assure: 

e = eS * (RH) 

v1'h e re : 

e = vapor pressure jmbar) 
eS = saturation vapor pressure (mbar) 
RH = relative humidity ("lo) 

The eS term is simply dependent on temperature. The following expression from the 
Handbook of Meteorology (Berry, Bollay and Beers, 1945) was used to calculate e s :  

In eS= 25*(T-273)/l- 5.2*ln(T/273) + In 6.1 05, 
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Where: 

T = absolute temperature ( O K )  

Additionally, apparent temperature was calculated for exposure in the sun. A slightly 
different equation also suggested by Steadman (1 984) was used as follows: 

ATUei = 4.5 + 1.02T - 02.8e - 1 .OOU - 5.8@+ 0.0054i 

Where: 

Atuei = apparent temperature ("C) 
T = temperature ("C) 
U = near surface wind speed (rn/s) 
e = barometric pressure (kPa) 
U = wind speed (m/s) 
9 
1 

= fraction of solar radiation on horizontal surface, that is direct 
= heat-transfer rate per unit area of horizontal surface (W/m') 

The third, fifth, and sixth terms were eliminated from the calculations since they 
contributed less than one percent to the answer. 

Tables 2.21 and 2.22 present the cumulative probability of occurrence for apparent 
temperatures in addition to the mean maximum and minimum and average values. The 
cumulative probabilities are the temperatures that correspond to the given percentile on 
the apparent temperature distribution. For example, in Table 2.21, -2°C represents the 
fifth percentile on the apparent temperature distribution, while in Table 2.22, 79°C 
represents the 95th percentile. 

Tables 2.21 and 2.22 were based on the 1984-1993 data set only. Hourly data were 
not available before 1984. The apparent temperatures in this analysis are 
representative of the West Buffer Zone location. See Section 1.4 for a discussion of 
data quality. 
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TABLE 2.21. January Extreme and Mean Apparent Temperatures at SITE (1984-1993). 

JANUARY Low 0.1 O/O 0.2% 0.5% 1 O/O 2 O/O 5 O/o 

Shade (Degree F) -20 -1 7 -1 6 -1 4 -1 2 -8 -2 
Mean maximum 48 
Mean minimum -9 
Average 20 
Sun (Degree F) -6 -5 -5 -2 0 4 11 
Mean maximum 39 --.____I_.. 

TABLE 2.22. July Extreme and Mean Apparent Temperatures at SITE (1983-1993). 

JULY 5 O/o 2 O/O 1 O/O 0.5% 0.296 0.1 O/O High 
Shade (Degree F) 79 82 84 85 87 68 91 
Mean maximum 86 
Mean minimum 42 
Average 64 
Sun (Degree F) 90 93 96 98 93 100 101 

I._ Mean maximum 62 

SE1 .XLS-table-op24.1.95 2-42 



2.3.1 0 Wi nd-C hi II- Ea uiva lent Temnerat ures 

Wind-chill-equivalent temperatures were calculated using the following equation: 

W-C-E = 91.4 + A ( (.04538 * T) - 4.1 48) 

Where: 

A =  

v =  

T =  

6.686 f i  - (.447 V) + 10.45 

wind speed (miles/hr) 

temperature 

Table 2.23 presents the cumulative probability of occurrence for extreme wind- 
chill-equivalent temperatures in addition to the mean maximum and minimum 
and average values. The cumulative probabilities are the temperatures that 
correspond to the given percentile on the wind-chill-equivalent temperature 
distribution. For example, -1 0°C is the temperature at the fifth percentile. 

Table 2.23 was based on the 1984-1993 data set only. Hourly data were not 
available before 1984. Wind-chill equivalent temperatures are representative of 
the West Buffer Zone location. See Section 1.4 for a discussion on data quality. 

R-93-08-200 2-43 



TABLE 2.23. January Extreme and Mean Wind-Chill-Equivalent Temperatures at SITE (1984-1993). 

JANUARY Low 0.1 O/O 0.2% 0.5% 1 O/O 2% 5 OIo 

Temperature (F) -36 -32 -29 -24 -21 -1 6 -1 0 

Mean maximum 51 
Mean minimum -1 9 
Average 16 

SlTEl .XLS-table-op-24.l.95 
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2.3.1 1 Pallv Mean Hlah and Low TemDeratureS 

Table 2.24 was based on the 1964-1977 and 1984-1993 data sets only. Daily 
temperature data were not available before 1964. This analysis is based on a 
combination of data collected at Building 123 and in the West Buffer Zone. See the 
discussions on temperature data quality in Sections 1.3.2 and 1.4. 
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2.4 PRECIPITATION 

2.4.1 puildina 771lBuffer Zone Data ComDarison 

The data collected in the manual Clear-Vu rain gauge located on the roof of Building 
771 were compared with the rain data collected at the Buffer Zone Site (Table 2.25). 
Building 771 data were collected between July 1976 and December 1988. Data 
overlap occurred during 1984 to 1988 only. Yearly and monthly averages for the 
Building 771 data were computed for the entire period 1976-1 988 and 1984-1 988, the 
years of data overlap. It should be noted that the computed annual average for 1976- 
1988 (14.82”) differs from the annual average, which is the sum of the monthly 
averages for the same period (15.49”). The difference is due to 1976 being a partial 
year with data collection beginning on July 1. Differences between the Building 771 
and Buffer Zone Data are apparent and are owing to missing data in the Buffer Zone 
data set. 

. .  
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TABLE 2.25. Building 771 / West Buffer Zone Precipitation Data Comparison 

Year 
1976 

Total Rainfall 
Clear-Vu Data Clear-Vu Data Buffer Zone Data 
(1 984-1 988) (1 976-1 988) (1 984-1 988) 

8.58 

1988 
Average 

6.82 
0.53 
9.10 
11.13 

9.31 9.31 10.32 
14.59 14.82 7.58 

Month 
January 
February 
March 
April 
M aY 
June 
July 

August 
September 

October 
November 
December 

Total 

9.1 5 
15.23 
19.13 
12.61 
13.24 
19.89 
21.89 

1 1.32 11.32 
14.23 14.23 
20.97 20.97 
17.14 17.1 4 

Average Rainfall 
Clear-Vu Data Clear-Vu Data Buffer Zone Data 

0.31 0.31 0.08 
(1 984-1 988) (1 976-1 988) (1984-1988) 

0.76 
0.70 
1 ;34 
1.97 
2.31 
1.89 
1.60 
0.93 
1.24 
0.86 

0.47 
‘1.1 0 
1.72 
3.08 
2.02 
1.55 
1.88 
1.09 
0.92 
0.80 

0.35 
0.60 
1.05 
1.82 
1.34 
1.19 
1.54 
0.66 
1.76 
0.47 

0.70 0.56 0.1 5 
14.59 15.49 11.02 

MPMCIP.XLS-@dPRECIP-2/ 14/95 
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L 

2.4.2 Monthlv Mea n 

Table 2.26 presents the Site monthly and annual precipitation means and medians 
(also see Figure 2.2). The analyses were based on the 1953-1977 and 1987-1993 
data sets. 1984-1986 data were eliminated due to the data covering only part of each 
of these years. 
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2.4.3 Hour Iv Prec ipitation Means and F reaue noes 

Figures 2.9(a)-(d) were based on the 1984-1993 data set only and do not include 
Denver data for comparison. Hourly precipitation data were not available before 1984 
and Denver data were not available. It should be noted that the January 0600 value 
might be a result of snow accumulated in the rain gauge funnel that melts when the sun 
rises (see Figures 2.9a and b). 
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FIGURE 2.9. Hourly Precipitation Amounts and Frequencies at SITE During (a) January, 
(b) April, (c) July, (d) October (1984-1993). 
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FIGURE 2.9. (Continded). 
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2.4.4 Pr ec i p i tat i o n Pro ba b i I i t ies 

The precipitation probabilities presented in Table 2.27 are the precipitation amounts 
that correspond to the given percentages as they occur on the precipitation distributions 
for each month, annually and seasonally. For example, 0.31” is the precipitation 
amount that occurs at the 50th percentile for the January precipitation distribution. The 
analysis is based on the entire 1953-1 977 and 1984-1 993 data sets with the exception 
of years 1984-1986. Data collected during these years were not complete and would 
have skewed the results. 
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2.4.5 Specified D a h  PreciDitation Amounts 

Table 2.28 presents the mean and maximum number of days, by month and annually, 
that the specified precipitation amounts (0.01”, 0.05”, ..., 1 .O”) occur. The analysis was 
based on the 1964-1377 and 1984-1994 data sets. Daily data were not available 
before 1964. Data collected during 1984-1 986 were eliminated from the analysis 
because of missing data that would have skewed the results. 
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2.5 WIND 

2.5.1 Wind Roses 

Wind roses graphically display the frequency of the wind by direction and speed. 
Figures 2.1 0 through 2.1 4 present the breakdown of the average wind frequency for the 
entire year and for January (Winter), April (Spring), July (Summer  ) and October (Fall) 
broken down by day and night and for a complete diurnal period. The analyses were 
based on t h e  1984-1993 data set only. Hourly wind data were not available before 
1984. 
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FIGURE 2.10. Annual  Day, Night and Total Wind Roses at Site at 10 Meters. 
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FIGURE 2.1 1. January Day, Night and Total Wind Roses at Site. 
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~ 

FIGURE 2.12. April Day, Night and Total Wind Roses at Site. 
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FIGURE 2.1 3. July Day, Night and Total Wind Roses at Site. 
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FIGURE 2.1 4. October Day, Night and Total Wind Roses at Site. 
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2.5.2 Mean W ind-Direction Freaue ncies and Wind SeeedS 

Hourly wind direction frequency diagrams present the distribution of wind directions for 
a particular time. For example, in Figure 2.15 at 1700 hours, the prevailing wind 
direction is approximately 295", varying from approximately 270" (that occurs 10% of 
the time) to 330" (that also occLrs 10% of the time). The analyses presented in Figures 
2.1 5 through 2.22 were based on the 1984-1 993 data set only.  Hourly wind data were 
not available before 1984. 
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2.5.3 M o n t h .  Iv Mea n and Peak Winds 

The monthly mean and peak wind speeds are summarized in Figure 2.23 and Table 
2.29. The average monthly peak wind speeds for each of the 12 months were 
calculated from the corresponding monthly maximum wind speeds collected during 
1953-1 977 and 1984-1 993. The average monthly wind speeds were calculated from ali 
wind speed data collected during the entire periods (1964-1977 and 1984-1993) and 
segregated by month. Monthly wind speed data were not available before 1964. 
Although the 1953-1977 peak wind speeds were defined as peak wind gusts, these 
data were treated as peak wind speeds in the averaging calculations (see Section 
1.3.2). 
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TABLE 2.29. Monthly Mean and Average Peak Wind Speeds .  

L 
Month 

1964-1 977. 1984-1 993 

Average Wind Speed 

(rnDh) 

Average Wind Speed 
12.3 
11.5 
10.7 
10.5 
9.6 
8.7 
8 4  
8.1 
8.2 
8.4 
10.3 
10.9 

1953-1977. 1984-1 993 

Average Peak Wind Speed 

Peak V,’ind Speed 
45.; 
5G.6 
- 1  - 
5 - t . J  

5s 4 
52 ; 
E 7  7 

d . /  

“V .  8 

4 =  - 
42.0  
49.0 
59.5 
67.0 
62.9 

Y E 3  XLS-tobie-2-26 1 95 
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2.6 BAROMETRIC PRESSURE AND DENSITY 

2.6.1 Means and E xtremes and Pressu re Adiustment 

Figure 2.24 presents the monthly mean and upper and lower 10% atmospheric 
pressure. Table 2.30 presents the monthly atmospheric pressure mean, extremes and 
adjusted sea level pressures in millibars and inches of mercury. The analyses were 
based on the 1964-1977 and 1984-1993 data sets. Barometric pressure datz were not 
availabie before 1964. 

The sea level adjustment was calculated using the ratio of the average annual site 
pressure and the average annual adjusted sea level pressure for Denver-Stapleton. 

R-93-08-200 2-76 



(rnbar) 

- m
 

W
 

m
 

m
 

G
 

W
 

T
 

7
 

r. 
7

 

0
 

0
 

=
3 

W
 

/
 

\ 

\
 

\
 \ 

I i 

In
 
0
 

h
 

2-77 



TABLE 2.30. Monthly Atmospheric Pressure, Means, and Extremes (1 964-1977, 1984-1 993). 
Adjusted to Sea Level 

Monthly Extremes Extremes 
Month Mean std dev high low Mean high low 

Atmospheric Pressure (rnbar Hg) 
1 813 5 6 9  
2 813 2 7 2  
3 812 5 6 1  
4 8129 6 1  
5 815 6 6 0  
L 817 3 6 3  

820 3 4 3  
8 820 3 3 7  
9 819 0 5 0  
10 818 0 5 7  
11 815 1 6 7  
12 813 3 6 8  

,. 
-r 

Annual 81 5.9 5.9 

840.2 
832 4 
836.5 
830.0 
837.5 
840.9 
830.7 
829.7 

831.7 
834.1 
840.5 

834.6 

831 .o 

791.8 
718.6 
794.3 
786.0 
781.3 
71 7.6 
802.6 
809.6 
789.7 
800.1 
795.3 
791.1 

781.6 

1011.3 
1G10.9 
101 0.0 
1010.6 
101 3.8 
i016.0 
1019.7 
101 9.7 
1018.1 
1016.8 
101 3.3 
1011.1 

1014.3 

1044.5 
1034.8 
1 C39.8 
1031.8 
1041.1 
1045.3 
1032.7 
1031.4 
1033.0 
1033.9 
1036.9 
1044.9 

1037.5 

984.3 
893.3 
987.4 
977.1 
971.2 
892.1 
997.7 
1006.4 
981.6 
994.6 
989.9 
983.4 

971.6 

Adjusted to Sea Level 
Monthly Extremes Extremes 

Month Mean std dev high low Mean high low 

Atmospheric Pressure (in. Hg) 
1 24.02 0.20 
2 24.01 0.21 
3 23.99 0.18 
4 24.01 0.18 
5 24.08 0.18 
6 24.13 0.18 
7 24.22 0.13 
8 24.22 0.1 1 
9 24.18 0.15 
10 24.1 5 0.1 7 
11 24.07 0.20 
12 24.02 0.20 

24.81 
24.58 
24.70 
24.51 
24.73 
24.83 
24.53 
24.50 
24.54 
24.56 
24.63 
24.82 

23.38 
21.22 
23.45 
23.21 
23.07 
21.19 
23.70 
23.91 
23.32 
23.63 
23.52 
23.36 

29.86 
29.85 
29.82 
29.84 
29.94 
30.00 
30.1 1 
30.1 1 
30.06 
30.02 
29.92 
29.86 

30.84 
30.56 
30.70 
30.47 
30.74 
30.87 
30.49 
30.46 
30.50 
30.53 
30.62 
30.85 

29.06 
26.38 
29.1 6 
28.85 
28.68 
26.34 
29.46 
29.72 
28.99 
29.37 
29.23 
29.04 

Annua i  24.05 0.17 24.64 23.08 29.95 30.64 28.69 

Con versions: 
1 standard atmosphere (std atrn) = 29.92 in. of Hg 

=760 mrn of Hg 
=76.0 crn of Hg 
=1.0133 bar 
=1013.3 rnbar 
=101.33 kPa 
=lo1 325 Pa 
rl4.69 Ib/in.”2 

L 



2.6.2 Hourlv Seaso nal Pressu re 

Figure 2.25 was based on the 1984-1993 data set only. Hourly barometric pressure 
data were not available before 1984. The data presented in this figure are a 
combination of diurnal variation and synoptic variation. 
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2.6.3 Atmospheric D e w  

Table 2.31 was based on the 1964-1977 and 1984-1993 data sets only. Barometric 
pressure data were not available before 1964. Atmospheric density is calculated using 
the following equations: 

P p=- 
Tv R 

Where: 

p = Density (kg/m3) 
P = Atmospheric pressure (kPa) 

R = Gas constant for dry air (287.05 jkg" k-') 
T v  z T (1 +0.61 W) 

WHERE: 

Tv = Virtual temperature ("k) 
T = Actual temperature ("k) 
w = Mixing ratio (grams of water/gram of air) 
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2.7 INSOLATION 

2.7.1 Mean and Ma ximum Insolation 

Figures 2.26 through 2.30 and Table 2.32 were based on the 1984-1993 data set only 
and does not include Denver data for comparison. Insolation data were not available 
before 1984. 

The maximum insolation curves were calculated usins an approximation to the 
equations used to genera:e planet position tables in The Astronomical Almanac (U.S. 
Government, 1992). These equations calculate the azimuth and elevarion of the sun in 
relation to a specific location and time on the earth. A correction was added to 
compensate for optical refraction caused by the atmosphere. 

The monthly and daily mean insolation values are lower than expected, based on the 
percent of possible insolation caiculations presented in Table 2.32. Data quality is the 
underlying reason for this result since the averages are based on incomplete data sets 
and data of questionable quality. 
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TABLE 2.32. Monthly and Daily Insolation Statistics at SITE (1984-1993). 

Maximum Possible SITE Actual 
Daily Monthly Daily Monthly OIL Possible 

Radiation I l y )  
January 
February 
March 
Aoril 
M a y  
June 
July 
August 
September 
October 
November 
December 

25s 
375 
52 1 
65 3 
i b V  

799 

692 
564 
41 7 
294 
238 

- -n  

-- - 
1 1 3  

8 327 
10,877 
16 156 
19 901 
23,557 
23 979 
24,023 
2 1,445 
16,912 
i 2,928 
8,818 
7,393 

799 
309 
3 84 
473 
529 
54 9 
528 
46 1 
421 
32 1 
250 
210 

LL 7 087 
8 970 
1 1  912 
14  1;; 
76 097 
16 465 
16,372 
14,302 
12 540 
9 958 
7,490 
6,496 

55 
82 5 
7 3  : 
71 2 
6'3 3 
68 7 
68 2 
66 7 

77 0 
84 9 
87 9 

- 1  7 
/ +  I 

Annual 531 194,327 388 141,966 75 7 
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2.7.2 Sunr ise. su nsei 

The Site's sunrise and sunset times presented in Table 2.33 were calculated using an 
approximation to the equations used to generate planet position tables in The 
Astronomical Almanac (U.S. Government, 1992). These equations calculate the 
azimuth and elevation of the sun in relation to a specific location and time on the earth. 
A correction w2s added to compensate for optical refraction caused by the atmosphere. 
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2.8 EXTREMES 

2.8.1 Annual Mean Temperatures and Precipitation 

Figure 2.31 presents the annual mean temperatures and five- and 10-year back- 
calculated moving averages. The annual mean temperatures for 1953-1 976 were 
taken from the paper annual summaries available for those years. The annual mean 
temperatures for 1984-1 993 were calculated from the available 15-minute data. 
Average temperatures were not impacted by the local effects of the various site 
locations. 

Figure 2.32 presents the annual precipitation amounts and five- and 10-year back- 
calculated moving averages. The annual precipitation totals for 1953-1 976 were taken 
from the paper annual summaries available for those years. The annual precipitation 
totals for years 1984-1993 were calculated from the available 15-minute data. The 
1984-1986 data were excluded along with the moving averages that would have 
included these data. 

Table 2.34 summarizes the annual mean temperatures and annual precipitation data. 
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TABLE 2.34. SITE Annual Mean Temperatures and Precipitation (1953-1976, 1984-1993). 

Annual Mean Temperature Annual Precipitation 
YEAR (Degree F) (in.) 
1953 50 0 1 1 3  
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

52 0 
49 0 
51  0 
50 0 
49 0 
48 0 
51 0 
45 0 
49 0 
50 0 
50 0 
50 0 
51 0 
49 0 
50 0 
49 0 
50 0 
50 0 
50 0 
47 0 
51 0 
48 9 
49 2 
50 0 
31 1 
50 4 
49 6 
52 4 
49 8 
48 7 
49 4 
49 7 
46 7 

7 8  
14 8 
13 4 
22 7 
18 1 
IC 7 
13  7 
16 1 
8 3  
12 3 
8 5  
18 9 
11 3 
21 6 
13 4 
24 8 
18 8 
14 3 
14 8 
21 6 
13 8 
12 6 
13 5 
6 8  
0 5  
9 4  
14 2 
10 3 
12 2 
i 2  5 
16 1 
13 7 
10 3 

* Partial years are 1984-1986 



2.8.2 prec iDitation Return Pe riods 

Figure 2.33 presents the annual precipitation amounts for each year (1953-1977 and 
1984-1993) as a function of its location on the annual precipitation frequency 
distribution. The return period scale interprets the frequency distribution scale into the 
number of years that statistically would elapse until the recurrence of a particular 
annual precipitation amount. 

Figures 2.34, 2.35 and 2.36 present the same type of information as Figure 2.33 except 
they present monthly, daily, 12-hourly, 1 -hourly and 15-minute extreme precipitation 
amounts plotted as a function of their location on their respective frequency distribution 
scales. The return period scales again interpret the frequency distribution scales into 
the number of years that statistically would elapse until the recurrence of a particular 
monthly, daily, 12-hour, 1 -hour or 15minute precipitation amount. 

Figures 2.33 and 2.34 were based on the 1953-1977 and 1984-1993 data sets. 
Figure 2.35 was based on the 1964-1977 and 1984-1993 data sets only. Figure 2.36 
was based on the 1984-1993 data set only. Daily precipitation data were not available 
before 1964. Twelve-hour, 1 -hour and 15-minute data were not available before 1984. 
Years 1984-1986 were eliminated from the analyses (see Section 1.3.2). Table 2.35 
summarizes the return periods for each of the data averaging periods. 
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2.8.3 Annual 

Figure 2.37 presents the annual peak wind speeds for each year (1 953-1 977 and 1984- 
1993) as a function of their location on the annual peak wind speed frequency 
distribution. The return period scale icterprets the frequency distribution scale into the 
number of years that statistically would elapse until the recurrence of a particular 
annual peak wind speed. 

Figure 2.37 shows the cumulative probability and return periocls for peak wind speecs. 
As stated in Section 1.3.2, the monthly average peak wind speeds are a mixture of 
average peak wind gust:. collected between 1953 and 1977 and average monthly peak 
wind s2epds collected betweer: 1984 and 1993. 
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2.8.4 Extreme Maximum and Minimum Temperatures 

Figure 2.38 presents the annual minimum temperature for each year (1 953-1 977 and 
1984-1 993) as a function of its location on the annual minimum frequency distribution. 
The return period scale interprets the frequency distribution scale into the number of 
years that statistically would elapse until the recurrence of a particular annual minimum 
temperature. 

Figure 2.38 presents the cumulative probability and return periods for minimum 
temperatures at the Site. The data used in this hnalysis are the total available data 
collected from 1953-1977 and 1984-1993. It should be noted that the data are a 
compilation of minimums collected above a rooftop and in an open field (see Section 
1.3.2). This analysis is not, therefore, representative of conditions either at the Building 
123 or the West Buffer Zone locations. 
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2.8.5 Historical Extremes 

The data presented in Tables 2.36 through 2.47 were based on the 1964-1977 and 
1984-1 993 data sets only. Daily precipitation and temperature data were not available 
before 1964. Maximum and minimum extremes would be expected more frequently 
from the pre-May 1975 data due to the sensor location above a rooftop. Precipitation 
data from 1984-1 986 were eliminated from the analysis (see Section 1.3.2). 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

ABLE 2-36. SITE Weather Extremes for January (1964-1 977,1984-1993). 

TEMPERATURE (DEG F) MAXIMUM PREClPlTATlON 
Maximum Minimum Water Equivalent (in.) 

Day High Year Low Year High Year Low Year Hiah Year 
1974 0.1 0 1965 57 1369 5 

61 1 992 3 

52 
54 
61 
56 
63 
65 
65 
55 
64 
61 
60 
58 
59 
65 
69 
62 
60 
61 
66 
61 
59 
60 
67 
60 
62 
62 
65 
62 
62 

1964 
1989 
1987 
'355 
1965 
1969 
1966 
1330 
1990 
1967 
1069 
1969 
1974 
1974 
1974 
1971 
1965 
1971 
1971 
1969 
1967 
1986 
1968 
1968 
1975 
1970 
1988 
1976 
1971 

15 
11 

6 
15 
12 
8 

10 
18 
13 
17 
6 

21 
13 
10 
18 
19 
11 
15 
21 
19 
25 
17 
14  
22 
32 
24 
9 

- 
i 

7 

1974 42 
1974 40 
1974 39 
1971 45 
12;< 42 
1971 40 
1973 43 
1973 44  
1973 4 5  
1093 51 
1975 39 
1964 42 
1993 45 
1984 42 
1987 47 
1987 46 
1984 42 
1984 41 
1984 44 
1966 46 
1985 44 
1985 47 
1969 41 
1964 42 
1991 40 
1972 41 
1973 47 
1990 48 
1972 50 
1985 53 

1991 
1993 
1989 
19E7 
19% 
1965 
1966 
1966 
1930 
1990 
1967 
1967 
1990 
1973 
1974 
1 974 
1976 
1972 
1972 
969 
969 
967 
976 
992 
97 1 
987 
987 

1988 
1971 
1971 

- 4  
-9 
- 4  

- 7  2 
-8 
-5  
0 
-5  - 
- 1  

-1 
-3 
-5 
-8 
-5  
-3 
-1 
-9 

-12 
2 
-1 
-4 
6 
6 
12 
3 
3 
1 
4 
-5 
-6 
-5 

1968 
1972 
' 0 7 2  
13;4 
1974 
1973 
1973 
1973 
1993 
1964 
1964 
1964 
972 

1972 
1987 
1984 
1984 
7 984 
1966 
1966 
1966 
1969 
1969 
1966 
1972 
1972 
1991 
1991 
1985 

0 25 
c 33 
3 55 
c c5 
3 10 
? 13 
C 25 
3 02 
C 05 
3 10 
0 50 
c 33 
0 28 
0 05 
3 13 
0 20 
0 50 
3 74 
C 50 
0 34 
c 20 
c 21 
0 04 
0 23 
C 30 
0 01 
0 45 
0 01 
0 33 

1971 
1972 
1970 
1974 
1972 
1992 
i 974 
1989 
1964 
1964 
1972 
1992 
1967 
1990 
1967 
1974 
1974 
1991 
1973 
1975 
1968 
1988 
1976 
1967 
1973 
1975 
1989 
1991 
1965 

~ .~ 1985 47 1989 - 1985 3 28 1965 
h t h  49 1996 28 1984 31.8 1986 11.1 1984 : .12 1974 

Jerage Temperature (1 964-1993) Max.: 40.2 

Temp era tures 
Warmest January 
Coldest January 
Most days=<32 Deg. F 
Fewest days=c32 Deg. F 
Most days =< 0 Deg. F 
Most days precipitatton>=O 01 in 
M a t  days precipitation>=O.l in 
Least January precipitation 

Min. 

Deg. F 
40.2 
19.4 
20 
3 
2 
7 
3 
0 

19.4 Mean 32.3 Deg. F 

Year 
1986 
1984 
1964 
1985 
1985 
1967 
many  

84,&5,&5 
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Day High Year Low Year High Year Low Year 
1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 

61 
57 
53 
59 
56 
56 
53 
61 
65 
60 
58 
59 
62 
60 
64 
66 
66 
56 
64 
63 
58 
64 
58 
62 
65 
62 
62 
71 
64 

1984 
1971 
1991 
1967 
1965 
1970 
1987 
1975 
1976 
1970 
1976 
1975 
1971 
1967 
1971 
1970 
1970 
1986 
1972 
1972 
1988 
1972 
1970 
1986 
1986 
1965 
1986 
1972 
1972 

7 
11 
15 
18 
6 
8 

23 
17 
il 3 
23 
17 
24 
21 
9 
15 
-3 
17 
29 
26 
20 
26 
25 
15 
22 
i 2  
27 
22 
28 
51 

1985 
1985 
1985 
1255 
1976 
1989 
1986 
1089 
1986 
1986 
1986 
1965 
1966 
1998 
1990 
1 993 
1993 
1984 
1967 
1964 
1971 
1964 
1965 
1993 
1954 
1984 
1987 
1990 

A 4  

43 
43 

42 
40 
45 
-:5 
43 
45 
44  

43 
4 3  
37 
47 
47 
46 
45 
43 
45 
42 
38 
41 
51 
49 
44 
45 
47 
44 

" <  
- 1  

TABLE 2-37. SITE Weather Extremes for February (1 964-1977, 1984-1 993). 
TEMPERATURE (DEG F) MAXIMUM PRECIPITATIOX ; 

High Year - 

0 00 1993 

Maximum Minimum Water Equlvalent (in.) 

1991 
1037 
1 c.70 
1967 
1965 
1984 
1987 
? 9;s 
1976 
1971 
1990 
1976 
1971 
1971 
1986 
1970 
1986 
1986 
1958 
1972 
1992 
1986 
1976 
1986 
1985 
1965 
1965 
1992 

-9 
0 
2 
- 4  
-3 
-2  

1 
2 
2 
0 
6 
6 
0 
-3 
-8 
-5 
13 
13 
7 
10 
10 
0 
14 
0 
-2  
9 
14 

- 
3 

1985 
1972 
1335 

1975 
1975 

1 C P ;  
__I 

. - - r  

J t "  
.I_^ "..- .,v- 

1975 
1086 
1986 
1986 

1933 
1903 
1993 
1993 
1975 
1975 
1964 
1971 
1975 
1964 
1967 
1964 
1960 
1987 
1964 

106C 

0 07 
0 05 
1 83 
0 45 
0 27 
0 23 
i 26 
0 15 
0 45 
0 79 
0 55 
0 30 
0 63 
0 46 
0 08 
0 56 
0 33 
0 40 
0 17 
0 12 
0 07 
0 08 
1 0 4  
0 40 
0 12 
0 33 
0 07 

1990 
I969 
-3'34 
1967 
1970 - 370 

366 
1973 

969 
1974 
'1 969 
? 091 
i 984 
? 984 
1984 
1993 
1965 
1990 
1990 
1972 
1974 
1984 
1984 
1992 
1970 
1976 
1991 

1976 1992 24 1976 0.53 1969 
Month 50.4 1970 32.2 1964 33 2 1991 1 3 6  1954 1.28 1971 

Average Temperature (1964-1 993) Max. 40.4 Min. 22.9 Mean 34.0 

Tempera tures 
Warmest February 
Coldest Febuary 
Most days=<32 Deg. F 
Fewest days=<32 Deg. F 
Most days =i 0 Deg. F 
Most days precipitation>=O.Ol in 
Most days precipitation>=O.l in 
Least Febuary precipitation 

Deg. F 
43 c 
22.9 
24 
1 
9 
2 
4 
0 

Year 
1291 
1964 
1964 

1985.1 993 
1971 
1970 
65.68 
1992 
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ABLE 2-38. SITE Weather Extremes for March (1964-1977, 1984-1993). 
TEMPERATURE (DEG F) MAXIMUM PRECIPITATION 

Maximum Minimum Water Equivalent (in.) 
Day High Year Low Year High Year Low Year High Year 

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

68 
67 
56 
62 
E 3  
73 
61 
66 
74 
77 
71 
66 
67 
65 
66 
70 
70  
7 2  
69 
68 
68 
71 
7 2  
67 
71 
82 
73 
70  
74 
80 

1967 
1974 
1972 
1986 
: 9% 
1972 
1 970 
1986 

1972 
1972 
1972 
1966 
1966 
1966 
1966 
1974 
1972 
1975 
1975 
1988 
1972 
1967 
1967 
1972 
1971 
1971 
1968 
1967 
1971 

< -77 , 2 l L  

24 
21 
18 
9 
24 
23 
23 
17 
22 
22 
24 
17 
23 
34 
31 
24 
22 
12 
13 
22 
36 
30 
16 
17 
18 
34 
21 
21 
29 
31 

1365 51 
1965 45 
1976 41 
1989 47 
1 937 44 
1964 55 
1964 50 
1969 53 
: 363 5: 
1970 58 
1970 54 
1993 46 
1969 46 
1964 46 
1988 44 
1988 48 
1965 53 
1965 43 
1965 44 
1974 50 
1968 53 
1966 46 
1965 48 
1965 49 
1965 50 
1970 49 
1975 48 
1975 50 
1987 50 
1973 50 

1967 
1992 
1991 
1901 
1567 
1572 
1c73 
'956 
: ses 
1 ctl9 
1 5 i 3  
19%?9 
1987 
1966 
1966 
1972 
1974 
1969 
1966 
1988 
1988 
1989 
1970 
1993 
1993 

1986 
1968 
1968 
1971 

1 989 

10 
8 
-2 
- 5  
3 
9 
5 
-3  

3 
4 
9 
8 
5 

1 4  
3 
-2 
-3 
3 
6 
i 4  
5 
-3 

9 
4 
-1 
5 
:2 
21 

P, 

3 7  I /  

r .-. 

1965 
1965 
1989 
1989 
; 576 
1964 
1959 
1959 
969 

1969 
1969 
1993 
1093 
1969 
1969 
1988 
1965 
1965 
1965 
1965 
1968 
1974 
1965 
1965 
1965 
1965 
1975 
1975 
1975 
1987 

0 44 
0 27 
0 75 
0 53 
0 34 
0 17 
c 25 
0 26 
0 08 
0 40 
0 35 
0 05 
0 02 
0 35 
0 42 
0 68 
0 53 
0 50 
0 60 
0 42 
0 60 
0 36 

0 03 
0 20 
0 24 
0 04 
0 50 
0 56 
0 18 

o 18 

1987 
1966 
1972 
1367 
1974 
1993 
1968 
1990 
1970 
1966 
1968 
1970 
1976 
1970 
1974 
1964 
1987 
1964 
1991 
1991 
1973 
1992 
1967 
1970 
1992 
1964 
1989 
1972 
1972 
1968 

31 73 1969 26 1970 47 1969 1975 0.05 1992 
.lonth 57.3 1972 37.7 1965 36.4 1986 18.2 1965 4.7 1970 

verage Temperature (1964-1993) Max. 46.6 Min. 28.0 Mean 38.3 Deg.F 

Temperatures 
Warmest March 
Coldest March 
Most days=<32 Deg F 
Fewest days=<32 Deg. F 
Most days =< 0 Deg F 
Most days precipitation>=O 01 in 
Most days precipitation>=O 1 in 
Least March precipitation 

Deg. F Year 
46.5 1972 
28 0 1965 
19 1966 
2 1986 

12 1965,1970 
11 1373 

0.13 1966 

WE4 XLStab1t+wZiV,'JS 2-1 10 



TABLE 2-39. SITE Weather Extremes fo; April (1964-1 977.1984-1993). 
TEMPERATURE (DEG F) MAXIMUM PRECIPITATION 

Maximum Minimum Water Equivalent (in.) 
Day High Year Low Year High Year Low Year High Year 

65 1968 20 1975 1975 0.49 1986 1 
2 
3 
4 
5 
6 
7 
8 
9 
13 
i 1 
i 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

67 
67 
69 
73 
73 
73 
73 

78 
74  
73 
73 
75  
74  
76 
75 
75 
7 2  
79  
80 
77 
7 6  
77 
78  
76 
75  
74 
76  

- e, . "  

1969 
1969 
1967 
1969 
988 

1966 
1967 
1972 
1971 
1968 
1971 
1992 
1971 
1971 
1964 
1987 
1987 
1987 
1965 
1965 
1989 
1289 
1974 
1975 
1974 
1992 
1967 
1967 

33 
29 
32 
34 
36 
25 
27 
25 
37 
30 
29 
36 
34 
35 
39 
33 
33 
22 
35 
37 
35 
38 
41 
36 
36 
36 
43 
38 

33 81 1992 34 
Monin 62.4 1969 

1984 
1970 
1964 
1990 
1'364 
1973 
1973 
1973 
1989 
1975 
1 997 
1991 
1972 
1973 
1969 
1966 
1968 
1966 
1987 
1984 
1988 
1973 
993 
973 
971 
976 
989 
990 

44 
41 
49 
5: 
55 
40  
56 
46 
49 
5'l 
56 
5 '  
55 
45 
52 
55 
60 
56 
52 
58 
60 
65 
63 
54 
56 
59 
61 
57 
52 

1991 
1991 
1968 
1952 
1 991 
1986 
I Y O 8  

1571 
'970 
? 99s 
1972 
1988 
1092 
1952 
1971 
1'387 
1987 
1987 
1965 
1989 
1989 
1989 
1973 
1987 
1970 
1970 
1970 
1992 
1992 

1 ? ?  

8 
5 

20 
17 
22 
19 
*, 5 
8 
5 
14 
Ti5 
24 
19 
24 
23 
27 
25 
16 
13 
14 
27 
25 
24 
29 
29 
28 
30 
25 
26 

1975 
: 233 
1068 
1964 
1053 

1973 
13-3 
1 oca 

9 3 -1 

193; 
1231 
', 973 
1 C Y 3  
1968 
1'166 
1956 
1966 
1966 
1967 
1968 
1957 
1973 
1973 
1 959 
1966 
1989 

. . -_  
,:, > 

.,.- - c:z I .'r_ 

0.21 
0.45 
0.1 1 
0.25 
0.35 
2.22 
0.20 
0 06 
0.37 
c.: 5 
0.00 
0.25 
0.20 
0.30 
0.02 
0.04 
0.1 0 
0.45 
0.1 0 
0.17 
0.17 
0.34 
0.50 
0.1 5 
0.00 
0.25 
0.1 6 
0.30 

1967 
1973 
1991 
1972 
1972 

1971 
1957 
19-5 
12-9 
1291 
1967 
1971 
1965 
1965 
1993 
1983 
1973 
1993 
1967 
1968 
1974 
1973 
1969 
1992 
1969 
1987 
1967 

< ', >- - , d30 

989 65 1992 25 1990 3.45 1972 
46.7 1973 42.5 1992 30.0 1973 4.73 1973 

46.1 Deg. F Average Temperature (1964-1993) Max. 52.0 Min. 38.4 Mean 

Temperatures 
Warmest April 
Coldest April 
Most days=<32 Deg. F 
Fewest days=<32 Deg F 
Most days =< 0 Deg F 
Most days precipitation>=O 01 in 
Most days precipiiation>=O 1 in 
Least April precipitation 

Deg. F 
52 0 

8 
1 

13 
12 

0.34 

36 4 

Year 
1 992 
1973 
1973 
many 

1990 
1973 
1989 



-ABLE 2-40. SITE Weather Extremes for May (1964-1977, 1984-1993). 
TEMPERATURE (DEG F) MAXIMUM PRECIPITATION 

Maximum Minimum Water Equivalent (in.) 
Day High Year Low Year High Year Low Year High Year 

80 1365 34 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 

80 
80 
80 
82 
83 
82 
82 
77 
78 
78 
82 
79 
78  
82  
82  
86 
83 
84 
83 
83 
87 
84  
84 
82  
79 
85 

1965 
1971 
1066 
1366 
1966 
1966 
1574 
1967 
1991 
1991 
1974 
1988 
1964 
1975 
1988 
1964 
1970 
1974 

44 
43 
4 1  
38 
42 
3E 
34 
4: 
43 
44 
39 
37 
44 
49 
40 
41 
47 
46 

97 0 44 
964 45 
9 67 43 
967 45 
964 48 
972 49 
97 4 54 
974 48 

89 1974 50 
84 1974 46 
81 1984 39 

1965 
1073 51 
1967 56 
1 ggq 53 

53 
1973 53 
1963 60 
1969 57 
1962 53 
1969 59 
1963 55 
1966 60 
1967 58 
1989 61 
1969 60 
1986 57 
1969 63 
1969 65 
1988 60 
1987 61 
1969 61 
1969 64 
1969 67 
1968 60 
1992 60 
1965 61 
1967 61 
1975 65 
1975 62 
1964 63 

. --- 
12'3, 

1986 
1986 
1976 
1966 
1966 
1966 
1992 
1984 
1991 
1991 
1987 
1988 
1988 
1984 
1972 
1988 
1970 
1892 
1984 
1986 
1986 
1989 
1967 
1964 
1969 
1974 
1989 
1989 
1984 

26 

30 
31 
31 
31 
32 
34 
29 
32 
30 
28 
30 
29 
36 
33 
33 
35 
34 
37 
38 
39 
39 
40 
39 
32 
36 
36 
33 
33 

r)7 L i  

~ 

1970 0.1 1 1976 
1973 
1991 
1991 
13!3', 
1967 
196.: 
1959 
1993 
1968 
1966 
1966 
1967 
'967 
1970 
1986 
1968 
1968 
1968 
1967 
1975 
1975 
1975 
1976 
1968 
1989 
1992 
1973 
1975 
1973 

0.13 
0.10 
c 1 1  
0.25 
0.50 
0.05 
0.01 
0 03 
C.00 
0.1 1 
0.23 
0.06 
0.40 
0.20 
0.52 
0.07 
0.09 
0.41 
0.10 
0.30 
0.70 
0.23 
0.12 
0.1 0 
0.04 
0.1 1 
0.02 
0.1 5 
0.05 

1967 
1966 
1388 
1971 
1970 
: 974 
1958 
1 975 
1993 
1993 
1965 
1984 
1968 
1965 
1975 
1993 
1974 
1974 
1967 
1967 
1971 
1968 
1985 
1965 
1991 
1984 
1987 
1968 
1965 

31 82 1972 46 1969 62 7965 36 1964 0.00 1992 
Montn 74.1 1974 48.0 1965 48.5 1974 41.5 1968 9.7 1969 

iverage Temperature (1 964-1 993) Max. 61.3 

Temperatures 
Warrnes t May 
Coldest May 
Most days=<32 Deg. F 
Fewest c!ays=<32 Deg F 
Most aays =< 0 Deg F 
Most days precichiation>=O C 1  in 
Most days precipi!ation>=3 1 in 
Least May prec lptatm 

Min. 

Deg. F 
61.3 
48.0 

1 

1 4  
9 

0.38 

48.0 Mean 55.1 Deg. F 

Year 
1974 
1969 
1990 

1992 
67.69 
1974 
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TABLE 2-41. SITE Weather Extremes for June (1964-1 977, 1984-1 993). 
TEMPERATURE (DEG F) MAXIMUM PRECIPITATION 

Maxim um Minimum Water Equivalent (in.) 
Day High Year Low Year High Year Low Year High Year 

1 
2 
3 
4 
5 
6 
7 
6 
9 
13 
;1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

87 
83 
85 
85 
86 

86 
8.: 
e9 
89 
6 5 
84 
85 
89 

91 
92 
93 
92 
94 
90 
93 
99 
96 
98 
95 
92 
95 
92 

85 

aa 

1972 
1966 
1968 
1990 
1369 
1969 

1973 
1973 
1973 
1972 
1968 
1968 
1974 
1993 
1971 
1971 
1974 
1974 

1974 

1971 
1971 
1971 
1971 
1971 
1974 
1974 

1988 

1968 

1968 

47 
57 
57 
49 
55 
54 
58 
i c  
K ?  

4: 

60 
55 
44 
55 
51 
51 
48 
67 

61 
60 
59 
51 
61 
62 
68 
67 
59 

68 

1966 
1964 
1929 
1559 
1 zss 
1574 
1093 
1 c-' 

15-5 
1512 
1963 
1963 
1259 
1953 
1369 
1333 
1976 
1 9?2 
1069 
1964 
1969 
1967 
1967 
1932 
1963 
1992 
1'167 
1 357 

. r-- : >  

58 
61 
66 
61 
63 
63 
65 
66 
EO 
64 
61 
61 
65 
63 
62 
65 
64 
64 
66 
75 
67 
72 
67 
74 
73 
72 
71 
75 
72 

1972 
1971 
i 986 
1974 
? 987 
1987 

: 998 
7 F 3  
1973 
1973 
1972 
1987 
1987 
1971 
1989 
1971 
1974 
1974 
1969 
1974 
1971 
1971 
1990 
1990 
1971 
1974 
1990 
1984 

1988 

39 
39 
42 
37 
43 
43 
44 
38 
21 

35 
41 
47 
35 
36 
43 
46 
42 
39 
41 
42 
44 
44 
46 
42 
47 
45 
48 
54 
51 

1970 
1964 
1993 
1 a93 

1992 
1993 
I 9 1 4  

- 975 
3 975 
1969 
1969 
1969 
7 976 
1969 
1976 
1976 
1976 
1973 

'965 

4 27.T 
- !  d 

1989 
1989 
1967 
1993 
1968 

1976 
1965 

1968 

1987 

0 20 
C 18 
0 70 
1 04 
c 65 
0 92 
0 25 
1 3 4  
c Jr, 
0 30 
0 16 
0 11 
0 45 
0 09 
0 05 
0 35 
0 53 
0 40 
0 10 
0 10 
0 25 
0 31 
0 31 
0 90 
0 35 
0 25 
0 55 
0 73 
0 67 

1988 
1964 
1973 
1992 
1971 
1990 
1967 
i 992 
1992 
1970 
1993 
1965 
i 990 
1967 
1975 
1970 
1970 
1973 
1964 
1987 
1968 
1964 
1974 
1970 
1973 
1970 
1972 
1975 
1970 

30 92 1990 64 1087 66 1990 49 1968 1.06 1970 
Month 83.7 1971 68.0 1959 59.9 1971 49.8 1969 4.79 1969 

Average Temperature (1964-1993) Max. 71.8 Min. 58.9 Mean 64.4 Deg. F 

Temperatures Deg. F Year 
Waxnest June 7 :  8 157: 
Coldest June 58 9 1969 
Most days=<32 Deg F 
Fewest days=<32 Deg F 
Most days =< 0 Deg F 
Most days precipi:atlon>=O 01 in 16 1965 
Most days prec pita!ion>=O 1 in 10 67.69 
Least June precipitation 0 12 1990 
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ABLE 2-42. SITE Weather Extremes for July (1 964-1 977,1984-1 993). 
TEMPERATURE (DEG F) MAXIMUM PRECIPITATION 

Maxim u m  Minim u m  Water Equivalent (i n .) 
Year High Year Day High Year Low Year High 

1 
2 

4 
5 
6 

7 

7 

a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

94 
94 
54 
05 
05 
57 
5.: 
83 
c3 
95 
98 
i $2 
95 
89 
92 
03 
93 
89 
92 
93 
93 
96 
92 
87 
92 
93 
93 
88 
90 
56 

1973 
1974 
1963 
1966 
1973 
1973 
1989 
1974 
1566 
1971 
1971 
1971 
1972 
1972 
1966 
1966 
1971 
1974 
1964 

1964 
1964 
1964 
1968 
1974 
1966 
1964 
1969 
1972 
1972 

1968 

68 
61 
52 
54 
63 
70 

6 -; 
72 
7 2  
68 
58 
61 
56 

58 
64 
67 
55 
60 
57 
63 
56 
59 
65 
61 
72 
70 
52 
62 

-n , J  

68 

1992 73 
1972 / b  
‘I 972 7 2  
1972 71 
1968 70 
1986 73  
? 356 - 2  
1 993 / I  

1918 I 3  

1984 68 
1993 68 
1987 69 
1973 69 
1973 72 
1972 70 
1992 72 
1972 71 
1973 69 
1988 69 
1973 71 
1990 71 
1990 68 
1991 70 
1991 66 
1991 67 
1971 72 
1965 69 
1990 69 
1971 68 
1989 71 

Y,. 

77 

7 r  

Year 

1990 

1 zcs5 
1986 
1991 
1973 
1 ‘ le3 
1989 
i 929 
1966 
1971 
’ 971 

1968 
1968 
1965 
1 a91 
1990 

1964 
1970 
1964 
1964 
1986 
1987 
1969 
1967 
1987 
1987 
1987 

__ 

1988 

1984 

Low 

4 a  
46 
17 
46 
47 
51 
51 

51 
56 
53 
46 
47 
47 

51 
38 
52 
46 
50 
47 
47 
50 
53 
51 
49 
53 
50 
44 
45 
49 

C A  2- 

4 8  

1968 
1992 
: 0;’2 
1572 
1572 

’093 
1988 
1986 

1993 
1987 
1990 
1973 
1973 
1992 
1975 
1972 

I 958 

1984 

1988 
1988 
1990 
1990 
1990 
1991 
1973 
1971 
1971 
1971 
1971 
1971 

0 23 
C 15 
0 60 
0 38 
1 41 
0 33 
C 25 
0 33 
0 50 
C 30 

C 32 
0 49 
2 30 
0 43 
0 48 
0 30 
0 93 
0 25 
0 58 

0 21 
0 90 
0 20 
0 55 
1 1 0  
1 3 7  
0 47 
0 50 
0 55 

0 48 

o 48 

1975 
1965 
1973 
1993 
1986 
1990 
1973 
1973 
1973 
1967 
1975 
1991 
1993 
1967 
1572 
1969 
1969 

1986 
1971 
1971 
1991 
1971 
1970 
1973 
1971 
1965 
1976 
1974 
1976 

1968 

31 92 1966 61 1968 71 - 1968 0.70 1973 - 
Month 88 0 1964 7% 1 1990 64 1 19bs 56 7 1973 5 1  1965 

verage Temperature (1 964-1 993) Max. 75.9 Min. 

Tempera tures Deg. F 

Coldest July 66 1 
Most days=<32 Deg F 
Fewes! days=<32 Deg F 
Most days =< 0 Deg F 
Mos: days precip !2,!ion>=O 01 In 
Most days preciplration>=O 1 in 

7- Warmest July It. 9 

‘ 7  
10 

Least July precipitation 0 3  

66.1 Mean 70.5 Deg.F 

Year 
1966 
1992 

1990 
1965 
1964 

27E4 X L s . f o b l e ~ 2 / p / p s  
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TABLE 2-43. SITE Weather Extremes for August (1964-1977, 1984-1993). 

TEMPERATURE (DEG F) MAXIMUM PRECIPITATION 
Maximum Minimum Water Equivalent (In.) 

Day High Year Low Year High Year Low Year High Year 
1 
2 
3 
4 
5 - 
D 
7 

E 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

91 
92 
85 
90 
92 
96 
90 
97 
89 
95 
96 
92 
93 
69 
66 
93 
89 
90 
96 
92 
66 
89 
69 
89  
89 
91 
91 
88 
89 
87 

1970 70 
1 973 63 
1989 59 
1958 55 
1 ?E9 62 
-1 363 GS 
1975 67 
1069 66 
12-2 r.5 
15-2 ;3 

1972 64 
1972 63 
1973 63 
1 a73 67 
1956 66 
1966 68 
1974 64 
1966 71 
1964 66 
1973 70 
1971 63 
1971 60 
1971 54 
1967 53 
1970 57 
1966 61 
1973 61 
1970 66 
1970 55 
1990 55 

c -  

1976 
* 376 
933 

1988 

7 969 

- 368 

- 993 
-591 - 975 
' 968 
' 970 
: 975 
1992 
1992 
1965 
964 

1365 
1987 
1987 
1992 
1992 

387 
1993 
7 988 
1968 
1993 

I 

. - - m  
" Y b  

1954 

1989 
1989 
1387 

1993 
19°C 

. ?"- 

1301 

I , - -  1 z 1 3  

1 ^33 
< --,- 

, _ I  c 
u ,  

198; 
1965 
1972 
1968 

1986 
1974 
1970 
1966 
1987 
1976 
1973 
1991 
lS91 
199: 
1373 
1990 
1990 
1964 
1990 

1968 

31 88 1964 54 1967 1989 
Month 64.3 1973 73.7 1 393 62.5 1984 

66 
70 
70 
69 
67 
i;3 
73 
69 
71 

73 
70 
55 
58 
57 
73 
67 
70 
69 
72 
65 
65 
68 
63 
68 
68 
71 
71 
72 
71 
69 

- 'i 
,i 

Average Temperature (1 964-1993) Max. 72.6 Min. 65.2 

Tern pera tures 
Warmest August 
Coldest August 
Most days=<32 Deg F 
Fewest days=<32 Deg F 
Mos: days =< 0 Deg F 
Most diys prectoitalion>=0 01 ir: 

Most days precipitation>=O 1 in 
Leas! A u g ~ s i  precipitation 

Deg. F Year 
72.6 1973 
65.2 1992 

1.: 1991 

0.22 1974 
7 72.67.87 

51 
53 
48 
51 
53 

52 
53 
5-1 

3' 

51 
51 
5; 
51 
49 
52 
54 
47 
52 
53 
50 
49 
50 
48 
47 
47 
46 
48 
48 
46 

- -  
3v 

- ^  

- 

A 7  

1958 
i 975 
1903 
1993 
1 aa3 
I ^ _ r  

12s2 

1989 
la83  
1 a7c 
19,: 
1968 
i 932 
1966 
1975 
1975 
1975 
1932 
1967 
1967 
196L 
1966 
1966 
1987 
1992 
1975 
1992 
1576 
1986 
1968 
1993 

1 -- 

0.30 1973 
0 :2 
0.:3 
0.60 
n 7 -  

i i 5  

Z . ? d  
- . r  

1 .GO 
: 2& 
f. 35 
: 53 
P.35 
C 30 
c.33 
C 46 
0.68 
: .30 
1.09 
1.16 
C.82 
3.25 
5.71 
0.45 
1.20 
c.53 
0.45 
0.40 
1.10 
1.50 
0.96 
0.75 

1988 
1967 
1969 
1969 
1963 
1969 
1965 
1989 
-, 9; 'I 
1971 
1966 
1989 
1989 
1991 
1969 
1986 
1988 
1988 
1987 
1976 
1975 
1368 
1966 
1992 
1964 
1967 
1975 
1975 
1964 

, .  1967 1.15 1967 
55.2 1967 3.69 1967 

68.9 Deg.F Mean 
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ABLE 2-44. SITE Weather Extremes for September (1964-1977. 1984-1993). 
TEMPERATURE (DEG F) MAX I M U M PA ECI P IT AT1 ON 

Water Eq u i v a 1 en t (in .) Maximum Minimum 
Day High Year Low Year High Year Low Year High Year 

1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

- 

90 
86 
85 
84 
86 
89 
87 
88  
87 
91 
87 
83 
89 
83 
79 
83 
86  
85 
87  
85 
81 
83 
84 
83 
80 
80 
81 
83 
83 

1969 
1971 
1970 
1970 
1969 
1964 
1974 
1970 
1974 
1974 
1968 
1990 
1990 
1968 
1990 
1972 
1972 
1970 
1970 
1970 
1966 
1967 
1966 
1966 
1974 
1974 
1972 
1969 
1969 

54 

50 
60 
60 
71 
58 
60 
45 
45 
61 
39 
43 
50 
50 
39 
33 
36 
43 
41 
35 
50 
37 
L 4  
46 
51 
43 
32 
43 

L6 
1972 
1974 
193s 
1971 
1955 
1587 
1 sc- - - 3  
1989 
19e9 
1989 
1974 
1974 
1988 
19E8 
1973 
1971 
1971 
1971 
1965 
1965 
197; 
1971 
1965 

1973 
1973 
1976 
1984 
19E5 

1 984 

66 
6.1 

E3 
63 
69 

E3 
63 
68 
67 
66 
62 
62 
66 
66 
6 3  
63 
66 
61 
62 
57 
66 
66 
62 
63 
58 
65 
62 

- ,  
VL\ - 

;: 0 -u 

1987 
'971 
* 567 
1990 
'Q89  

384 
I988 
'966 

'974 
1976 
992 

1992 
1965 
1992 
1992 
1972 
984 

1984 
1992 
966 
i 967 
1992 
1992 
1987 
1974 
1 989 
1991 
'969 

'I 964 

46 
37 
4 1  
42 
4 1  
48 
48 
44 
39 
41 
39 
33 
38 
41 

26 
26 
26 
24 
31 
32 
30 
33 
33 
32 
36 
33 
29 
31 

38 

1972 
1974 
1968 
1971 
1968 
1967 
1971 
1992 
1989 
1970 
1974 
1974 
1974 
1988 
1973 
1965 
1965 
1971 
1971 
1965 
1971 
1971 
1965 
1984 
1984 
1964 
1984 
1984 
1984 

1.11 
0.50 
0.96 
1.30 
0.79 
0.20 
0.70 
1.68 
0.44 
0.59 
1.80 
0.21 
0.25 
0.60 
1 .oo 
0.62 
1.13 
0.49 
0.50 
0.25 
0.27 
0.05 
0.40 
0.75 
0.41 
0.03 
2.94 
0.25 
0.05 

1991 
1989 
1989 
1965 
1965 
1972 
1966 
1974 
1986 
1975 
1970 
1989 
1969 
1967 
1967 
1969 
1993 
1987 
1992 
1970 
1967 
1972 
1969 
1968 
1992 
1966 
1987 
1967 
1971 

30 82  1967 46 1966 63 ? 089 0.29 1965 34 1965 
Month 76.3 1969 62.3 1965 55 4 1990 44.1 1965 4.53 1976 

.verage Temperature (1 964-1 993) Max. 65.5 tdin. 53.2 Mean 60.3 Deg. F 

Temperatures 
Warmest SeptemSer 
Coldest Seprember 
Most days=<32 Des F 
Fewest days=c32 Deg F 
Most days =c 0 Des F 
Most days precipi:ation>=O 01 in 
Most days precipi:a:io?>=O 1 in 
Least September precipitation 

Deg. F 
65.5 
53.2 
2 

1 3 

3 

- 

Year 
1959 
1965 
1971 

1555,1984 

93.65.76 
83.71.76 

1992 
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TABLE 2-45. SITE Weather Extremes for October (1964-1977, 1984-1993). 
TEMPERATURE (DEG F) MAXIMUM PRECIPITATION 

Maximum Minimum Water Equivalent (in.) 
High Year High Year Low Year Day High Year Low Year 

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

81 
80 
82 
87 
79 
79 
78 
75 
83 
78  
77 
78  
77 
82  
76 
82 
7 8  
74 
74 
75 
77 
71 
80 
7 6  
72 
76  
7 4  
77 
81 
76  

1964 
1974 
1967 
1970 
1970 
1975 
1975 
1973 
1 965 
1971 
1967 
1991 
1992 
1968 
1965 
1991 
1974 
1974 
1974 
1974 
1975 
1973 
1973 
1965 
1968 
1966 
1966 
1968 
1968 
1968 

58 
54 
39 
40 
49 
41 
35 
32 
32 
35 
31 
24 
24 
40 
33 
31 
31 
34 
34 
31 
27 
31 
37 
31 
38  
35 
38 
28 
18 
14 

1988 60 
1971 61 
1986 61 
1991 63 
1991 64 
1974 62 
1970 60 
1990 6: 
1993 E2 
1973 56 
969 65 
969 60 
969 63 
987 56 
969 56 
989 65 
989 53 
969 48 

1984 52 
1984 52 
1984 58 
1984 58 
1984 51 
1975 51 
1984 52 
1969 58 
1976 50 
1971 54 
1991 59 
1991 57 

1092 
1992 
1987 
1987 
1970 
1993 
1965 
’, 2E5 
196 j 
1 c189 
1989 
1989 
1989 
1968 
1964 
1491 
1974 
1974 
1992 
1966 
1992 
1991 
1992 
1992 
1989 
1 a99 
1966 
1968 
1990 
1990 

36 
37 
31 
30 
31 
30 
24 
25 
24 
26 
20 
7 

4 
23 
21 
24 
23 
2: 
26 
24 
26 
28 
19 
25 
32 
26 
12 
6 
7 

7 

1966 
1989 
1969 
199: 
139: 
1376 
1970 
’> 973 
1903 
1987 
1969 
1969 
1969 
1969 
1969 
1969 
1969 
1976 
1976 
1984 
1984 
1984 
1984 
1975 
1975 
1970 
1967 
1991 
1991 
1991 

0 40 
0.22 
0.50 
0.60 
0.95 
0.1 5 
0.42 
0.65 
3.78 
0.37 
0 36 
0 55 
0 10 
0 28 
0 83 
0 21 
0 07 
0 19 
0 64 
1 4 6  
0 71 
0 48 
0 75 
0 75 
0 41 
0 23 
0 26 
0.25 
0 99 
0 32 

1967 
1988 
1972 
1990 
1968 
1972 
1988 
1990 
1991 
1970 
‘191 
973 
9 73 
969 
967 
975 
992 
969 

1988 
1986 
1965 
1991 
1965 
1965 
1976 
1965 
1968 
1964 
1989 
1989 

31 64 1990 26 1972 55 1990 6 1991 1 .oo 1965 
1969 46 8 1965 31.1 1969 4.83 1969 Month  67.3 1965 46.6 

Average Temperature (1 964-1 993) Max. 

Temperatures 
Warmest October 
Coldest October 
Most days=<32 Deg. F 
Fewest days=c32 Deg. F 
Most days =< 0 Deg. F 
Most days preciprtation>=O 1 in 
Most days precipitation>=O.l in 
Least Oc:oDer precipitation 

57.1 Min. 38.8 Mean 50.8 Deg. F 

Deg. f 
57.1 
38.8 

8 
1 

11 
10 

0.06 

Year 
1965 
1969 
1969 
many 

1969.1 993 
1969 
1975 
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ABLE 2-46. SITE Weather Extremes for November (1964-1977, 1984-1993). 
TEMPERATURE (DEG F) MAXIMUM PRECIPITATION 

Minimum Water Equivalent (in .) Maximum 
High Year Day High Year Low Year Hiah Year Low Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

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

69 
68 
64 
67 
64 
69 
68 
70 
66 
68 
68 
71 
66 
71 
71 
67 
62 
60 
71 
65 
70 
64 
61 
67 
72  
57 
59 
64 
67 

1965 
1984 
1975 
1965 
1969 
1970 
1964 
1964 
1964 
i 973 
1973 
1973 
1984 
1990 
1966 
1966 
1990 
1965 
1989 
1968 
1974 
1968 

21 
14 
24 
25 
21 
30 
33 
35 
35 
21 
40 
27 
30 
30 
24 
29 
28 
25 
27 
25 
27 
27 

965 31 
990 7 
970 14 
970 26 
a91 26 
986 28 
970 23 

1991 
1991 
1933 
1973 
1993 
1990 
1968 
1966 
1975 
1986 
1975 
1986 
1972 
1993 
1964 
1991 
1964 
1971 
1 s75 
1975 
1992 
1991 
1992 
1993 
1993 
1987 
1972 
1972 
1991 

56 
57 
5; 
52 
53 
52 
39 
50 
52 
52 
53 
55 
49 
58 
55 
51 
45 
49 
52 
45 
49 
46 
51 
56 
54 
35 
37 
37 
47 

30 62 1964 14 1991 . "  
donth 55.7 1965 39.7 1992 46.2 

verage Temperature (1964-1993) Max. 51.0 Min. 

Temperatures Deg. F 
Warmest November 51 0 
Coldest November 33 4 
M o s t  days=<32 Deg F 1 4  
Fewest days=<32 Deg F 1 

Most days precipitation>=O 01 in 
M o s t  days precioitation>=O 1 in 

Most days =< 0 Deg F 
12 
5 

1965 
1 so5 
i 337 
1965 
1 9C5 
1 c75 
1365 
l S 9 1  
1565 
1969 
13863 
1989 
1964 
1990 
1965 
1992 
1990 
1965 
1969 
1965 
1986 
1965 
1965 
1090 
1990 
1970 
1991 
1993 
1570 

6 

9 
12 
:5 
13 
i l  
1 1  

15 
19 
8 
10 
16 
14 
10 
16 
13 
19 
10 
1 4  
14 
5 
-3 
-3 
16 
11 
8 
4 

- 1  

- 
I 

1,991 
3 331 

i 367 
1967 
257 
'293 
1530  
'I 956 
1566 
1966 
1286 
1296 
1986 
1974 
1989 
1089 
1971 
1969 
1 975 
1975 
1975 
1970 
1353 
1033 
1093 
1 993 
1986 
1972 
1975 

, - _  

. ̂^  

0.37 
0 50 
0.56 
0.42 
0.1 4 
1.15 
0.27 
0.10 
0.77 
0.45 
c 37 
0.74 
0.71 
0.50 
0.28 
0.53 
0.25 
0.78 
0.40 
0.19 
0.29 
0.52 

1966 
1976 
1991 
1988 
1593 
1991 
1967 
1 992 
1968 
1968 
1989 
1989 
1975 
1968 
1972 
965 
973 
967 
972 
970 
987 
986 

0.38 1987 
1.97 1992 
0.28 1992 
0.42 1987 
0.33 1964 
0.07 1971 
0.35 1968 

C 1270 J 1975 2.10 1967 
1965 25.6 1972 2 1972 

33.4 Mean 39.9 Deg. F 

Year 
1965 
1972 
1972 
1955 

1970 
many 

Least November precipitation 0 1984 
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~~ 

TEMPERATURE (DEG F) 
Maximum Minimum 

Day High Year Low Year High Year Low Year 

TABLE 2-47. SITE Weather Extremes for December (1964-1977, 1984-1993). 

- 

I 1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

I 25 
26 
27 
28 
29 
30 

~ 

7 

65 
60 
63 
7 2  
68 
64 
65 
64 
60 
63 
64 
54 
61 
57 
61 
63 
61 
61 
62 
62 
61 
68 
69 
57 
60 
61 
60 
60 
62 
56 

1973 
1975 
1975 
1965 
1965 
1970 
1970 
1970 
1975 
1975 
1968 
1993 
1976 
1970 
1969 
1976 
1969 
1976 
1966 
1966 
1969 
1964 
1964 
1972 
1971 
1976 
1972 
1965 
1965 
1965 

19 
29 
18 
18 
13 
i 7  
18 
16 
20 
12 
22 
21 
13 
18 
19 
21 
12 
13 
25 
-8 

-17 
-1 
15 
15 
15 
20 
13 
20 
-5 
18 

1991 
1990 
1572 
1992 
1972 
1972 
1972 
1972 
1972 
1972 
1972 
1967 
1967 
1987 
1965 
1989 
1964 
1989 
1973 
1990 
1990 
1990 
1930 
1987 
1987 
1987 
! 966 
1969 
1990 
1967 

43 
49 
48 
53 
15 
53 
52 
45 
49 
49 
51 
36 
41 
39 
42 
45 
44  
43 
38 
46 
41 
50 
45 
42 
40 
43 
37 
45 
44 
38 
43 

1972 
1975 
1965 
1987 
1987 
-1991 
1984 
1964 
1975 
1990 
1990 
1993 
1966 
1976 
1969 
1976 
1976 
1976 
1966 
1969 
1973 
1964 
1964 
1964 
1971 
1976 
1984 
1984 
1976 
1986 
1970 

9 
1 1  
9 
0 
a 
10 
-6 
-8 
-6 
-7 
-8 
3 
5 
3 
3 
-3 
-8 
-4 
-8 
-20 
-24 
-23 
-9 
0 
4 
10 
0 
-3 

-15 
-3 

1991 
199’ 
15-2 
1972 
7 9’2 
’ an2 
: ST2 
’ 972 
i 972 
1972 
1972 
: a72 
1967 
1967 
1989 
1964 
1964 
1964 
1990 
1993 
1990 
1990 
1990 
1974 
1987 
1987 
1956 
1990 
1993 
1990 

MAX I MUM P R ECI P IT AT1 0 N_ 
Water Equivalent (in.) 

Hiah Year 

0 25 
0 88 
0 30 
0 32 
c 30 
c $3 
0 03 
0 11 
0 89 
0 40 
0 60 
0 75 
0 48 
0 25 
0 35 
0 35 
0 20 
0 50 
1 0 0  
0 76 
0 67 

0 57 
0 25 
0 70 
0 65 
1 8 1  
0 57 
0 80 
0 93 

o a3 

1972 
1990 
1974 
1971 
1966 
7,966 
1965 
1989 
1989 
1973 
1969 
1973 
1988 
1972 
1966 
1987 
1971 
1971 
1971 
1976 
1965 
1970 
1970 
1965 
1970 
1970 
1976 
1966 
1973 
1965 

31 56 1970 26 1976 0 1967 0.17 1991 
Month 50.0 1976 34.4 1990 30.9 1975 16.5 1967 1.45 1973 

Average Temperature (1964-1993) Max. 39.7 Nlin. 25.8 Mean 33.4 Deg. F 

Temperatures Deg. F Year 
Warmest December 39 7 1976 
Coldest December 25 8 19% 
Most days=<32 Deg F 23 ‘967 
Fewest days=<32 Deg F 6 1975 
Most days =< 0 Deg F 4 1393 
Most aays prec,pitation>=O 01 in 7 19dd I967 

Least December precipitation 0 02 1990 
Most days precipitation>=O 1 in 6 1967 
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2.9 STABILITY 

2.9.1 B b  ility Categpr ies bv . Wind Directioq 

Figures 2.39 through 2.41 were based on the 1984-1993 data set only. Hourly wind 
data were not available before 1984. 

The standard deviations of the horizontal wind direction (oH) and vertical wind direction 
(o+) are widely used indicators of horizontal and vertical turbulence components. 
Atmospheric diffusivity is proportional to 0 0  and q. 

Charts showing Richardson Number (Si) and Bulk Richardson Number (Rib) versus 
wind direction were not prepared. Wind data, with the exception of the data collected in 
1992 and 1993, were poor quality and could not be used to calculate Ri and Rib. Ri 
and Rib versus wind direction analyses, based on the 1992 and 1993 data, have 
already been prepared as part of a research paper entitled, "Comparison and 
Evaluation of Turbulence Estimation Schemes at Rocky Flats Plant" (Bowen, 1994). 
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2.9.2 Profiles of Stab ilitv Indicators 

Figures 2.42 through 2.45 were based on the 1984-1993 data set only. Hourly wind 
data were not available before 1984. 

The Objective Turner Method (OTM) was used to determine the Pasquill-Gifford (P-G) 
stability categories. A (very unstable), B 
(moderately unstable), C (slightly unstable), D (neutral), E (moderately stable) and F 
(very stable). These categories were assigned to each hour of data using the following 
criteria: 

P-G stability categories are as follows: 

w 
~nsolation (W/m*) 

Avg WS 
at 1 0 m  >=700 350-700 70-350 Negative Positive 
m mQRd(moderate) f5iLLQM sidaI LkkI 

<2 A A 6 E F 
2-3 A B C E F 
3- 5 B B C D E 
5-6 C C D D D 
>6 C D D D D 

Nighttime profiles do not have values at the 60-meter level due to the method of 
calculating stability categories using OTM. In place of insolation (measurements used 
for the daytime stability categories) delta temperature is used. The absence of 
temperature measurements above the 60-meter level precludes calculating stability 
categories at the 60-meter level. 

Charts showing verticai profiles of Richardson Number (Ri) and Bulk Richardson 
Number (Rib) were not prepared. Wind data, with the exception of the data collected in 
1992 and 1993, were poor quality and could not be used to calculate Ri and Rib. Ri 
and Rib vertical profiles based on the 1992 and 1993 data have already been prepared 
as part of a research paper entitled, "Comparison and Evaluation of Turbulence 
Estimation Schemes at Rocky Flats Plant" (Bowen, 1994). 
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2.9.3 Aerodynamic Rouahness 

Table 2.48 compares aerodynamic roughness length (Zo) determined graphically and 
using the EPA-preferred method by eight wind directions. The graphical method used 
logarithmic plots of the average wind speed at the three levels (10, 25 and 61 meters) 
for each of the eight specified wind directions collected at the West Buffer Zone 
location. The zero intercept of these plots determined the values of Zo.  The EPA- 
preferred (EPA, 1987) method determines Zo using the following equation: 

The 1984-1993 data set only was used in this analysis. Wind data collected at multiple 
levels were not available before 1984. 

The results of the graphical method gave ZO values that were very small. These 
smaller-than-expected values are due to small changes in the average wind speeds 
with height. The EPA preferred method, on the other hand, gave results in the range 
from approximately 30 centimeters at the 60-meter level for two wind sectors to 
hundredths of a centimeter for two wind sectors at the 1 O-meter level. 
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Roughness Length (m) 
10-60 meters 

Graphical Method 

N 
NE 
E 

S E  
S 

sw 
W 

NW 

EPA Preferred Method 

9.42E-10 
I .I 9E-15 
4.28E-07 
1.67E-11 
1.42E-09 
2.81 E-03 
6.91E-04 
5.33 E-06 

Calculations based on Wind Speed 7=5 mls and Stability ="D" 



2.9.4 Diwersion 

Figures 2.46 and 2.47 were based on the 1984-1993 data set only. Hourly wind data 
were not available before 1984 at the Site. The curves of sigma-y and sigma-z in terms 
of downwind distance were calculated using the following equations (Draxler, 1 976): 

Sigrna-y = sigma-theta X fy (T / Tiy) 

Sigma-z = sigma-w * (X / AU) * fz (T / Tiz) 

Where: 

sigma-theta = 
sigrna-w - 
X - 
AU - 
f Y 
fz - 
T - 
Ti y - 
Ti z - 

- 
- 

- 
- - 
- 
- 
- 
- 

standard deviation of the horizontal wind direction (rad) 
standard deviation of the vertical wind speed (m/s) 
downwind distance (rn) 
average wind speed (m/s) 
1 / (1 + 0.9 * (T / Tiy)"0.5) 
1 / (1 + 0.9 (T / Tiz)"O.E;) 
WU (sec) 
500 constant, dependent on stability 
300 constant, dependent on stability 
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2.9.5 w a r i s o n  of Stab ility Class Methods 

Tables 2.49 and 2.50 were based on the 1984-1993 data only. Hourly wind data were 
not available before 1984. The sigma-phi versus sigma-theta comparisons do not show 
good correlation. Due to the lee effects of the Rocky Mountains, sigma-phi is not a 
good indicator of stability. 
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TABLE 2.49. Probability of Occurrence of Sigma-Phi Derived Stability Versus Objective Turner Method 
Derived Stability Categories at SITE (1 984-1 993) .  

SUMMER 

0 06 0 06 0 65 3 49 4 66 0 45 9 38 
e 13 0 06 e 58 8 93 I ,  I C I  3 49  30 3: 
P cc 0 05 c l a  0 84 : 49 4 66 G'5 
L1 00 0 00 0 c)o 0 26 136 10 35 1 1  57 
0 00 0 00 0 00 0 06 7 63 19 79 27 49 

.-? 4 1 

F 0 00 0 00 0 00 0 00 5 50 6 08 1 1  53 
Totals 0 12  0 19 1 3 2  13 53 39 78 44 83 100 90 

WINTER 
Totals Sigma Phi ("/.) 

A B C D E F ( O h )  

OTM 
A 0.00 
B Q.00 
C O.GO 
D 0.00 
E 0.00 

0.00 0.06 0.91 1.64 0.23 2.83 
0.00 0.00 2.66 11.85 5.61 20.1 2 
0.00 0.00 0.23 5.27 4.48 9.98 
0.06 0.06 0.74 18.88 17.40 37.1 3 
0.00 0 06 0.40 9.01 9.58 19.05 

F 0.00 0.00 0.00 0.34 5.16 5.39 10.88 
Totals 0.00 0.06 0.17 5.27 51.81 42.69 100.00 

YIE3.XLS-toble-x*-'/31/95 
2-1 35 



TABLE 2.50. Probability of Occurrence of Sigma-Theta Derived Stability Categories Versus Objective 
Turner Method Derived Stability at SITE (1984-1993). - 

SUMMER 

Sigma Theta (%) Totals 
A €3 C D E F ( "/" ) - _ _  - OrM 

A 
B 
C 
D 
E 

5 96 4 36 2 36 0 22 
14 49 1 1  5- 4 -2  i :2 
157 '91 c 55 0 55 
0 1 1  0 67 0 34 0 56 
2 61 7 98 6 54 10 00 

0 00 0 00 
0 1 1  c) * -  

0 cci 
0 22 o 00 
2 c2 0 1 1  

A ? ^  
~ i -  

12 92 
- ?  " 1  
a ,  lJ 

4 ,? " 

191 
30 55 

c1 1 

F 2 47 2 58 5 84 5 06 191 0 00 17 67 
Totals 27 42 26 20 22 36 17 53 4 27 0 22 100 00 

WINTER 
Sigma Theta (Yo) Totals 

A B C D E F to/") 

OTM 
A 
B 
C 
D 
E 

161 1 4 2  0 57 0 76 0 09 
5 58 6 99 5 20 3 97 161 
1 3 2  1 70 189 198 0 76 
6 81 4 35 7 56 6 81 2 08 
5 67 3 88 5 67 3 88 2 36 

0.00 4.44 
0.09 23 44 
0.00 7.66 
0 09 27.69 
0.00 21.46 

F 4.54 3.12 3 21 3 02 142 0 00 15 31 
Totals 25 52 21 46 24 10 20 42 8 32 0.19 100 00 
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2.10 PRESSURE CONVERSION CHART 

Table 2.51 presents the atmospheric pressure range normal to the Site in six unit 
bases. 
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TABLE 2-51. Atmospheric Pressure Conversion Chart 

Atmospheric Pressure 
in. Hg rnbar Kpa rnm Hg lb/in."2 atm 
SITE 

23 50 
23 52 
23 54 
23 56 
23 58 
23 60 
33 62 
23 64 
23 66 
23 E8 
23 '0 
23 72 
23 74 
23 76 
23 78 
23 80 
23 82 
23 84 
23 86 
23 88 
23 90 
23 92 
23 94 
23 96 
23 98 
24 00 
24 02 
24 04 
24 06 
24 08 
24 10 
24 12 
24 14 
24 16 
24 18 
24 20 
24 22 
24 24 
24 26 
24 28 
24 30 
24 32 
24 34 
24 36 
24 38 
24 40 
24 42 
24 44 
24 46 
24 48 
24 50 

795 83 
796 51 
797 19 
797 87 
798 54 
799 22 
-95 90 
800 58 
801 25 

3 2 2  c'1 

803 29 
803 96 
804 64 
805 32 
805 99 
806 67 
807 35 
808 03 
808 70 
809 38 
810 06 
810 74 
812 41 
812 09 
812 77 
813 44 
814 12 
814 80 
815 48 
816 15 
816 83 
817 51 
818 19 
818 86 
819 54 
820 22 
820 90 
821 57 
822 25 
822 93 
823 60 
824 28 
824 96 
825 64 
826 31 
826 99 
827 67 
828 35 
829 02 
829 70 

80" 93 

79 58 
79 65 
79 72 
79 79 
79 85 
79 92 
'9 99 
80 06 
80 13 
so 19 
" 3  26 
80 33 
80 40 
80 46 
80 53 
80 60 
80 67 
80 73 
8Ci 80 
80 67 
80 94 
81 01 
81 07 
81 14 
81 21 
81 28 
81 34 
81 41 
81 48 
81 55 
81 62 
81 68 
81 75 
81 82 
81 89 
81 95 
82 02 
62 09 
82 16 
82 22 

82 36 
82 43 
E2 50 
82 56 
E2 63 
82 70 
82 77 
82 83 
82 90 
82 97 

a2 29 

596 90 
597 41 
597 92 
59E 42 
59e 93 
592.44 
- -  50s c,5 

600 46 
600 96 
60; c -  
852' ;: 
60.2 49 
603 03 
603 50 
604 01 
604 52 
605 33 
605 54 
606 04 
606 55 
607 06 
607 57 
608 08 
608 58 
609 09 
609 60 
610 1 1  
610 62 
611 12 
611 63 
612 14 
612 65 
613 16 
613 65 
614 17 
614 68 
615 19 
615 70 
616 20 
616 71 
617 22 
617 73 
618 24 
618 74 
619 25 
619 76 
620 27 
620 78 
621 28 
621 79 
622 30 

11 54 
11 55 
11.56 
1:  57 
1 1  58 
1:  59 
:: 5: 
11 61 
71 62 

3 2 
: ?  55 
1: 66 
11.67 
1 1  68 
1 1  69 
;; 70 
11.71 
11  72 
1 1  73 
11.74 
11.75 
11.76 
11 77 
11.78 
11.79 
11  79 
1 1  80 
11.81 
11.82 
11  e3  
11.84 
: 1 .85 
11.86 
11.87 
11.88 
1 1  89 
1 ;  90 
11.91 
11.92 
1 1  93 
1 1  54 
11.95 
11 96 
11.97 
1 1  .'r8 
11.99 
12 00 
12.01 
12.02 
12 03 

_ _  - -  
I I 3; . _  

0 79 
0 79 
0 79 
0 79 
0 79 
0 79 
0 -9 
0 79 
0 79 
G 79 

0 79 
0 79 
0 79 
0 79 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 80 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 81 
0 E2 
0 82 
0 82 
0 82 
0 82 
0 82 

- r  
1j3 



2.1 1 THREE-HOUR WEATHER VARIABLES 

Table 2.52 is based on the 1984-1993 data set only. Hourly data were not available 
before 1984. 

The data presented in this manner (every third hour) made it possible to more easily 
compare Site data with National Weather Service data sets that are presented every 
third hour as well. 
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TABLE 2.52. Monthly 
Relative 

Month Hour 

Mean Three-hour Wind Speed, Wind Direction, Temperature, Dew Point, 
Humidity, Atmospheric Pressure, and Solar Radiation (1984-1993). 

ws WD TEMP DEWPT RH PRESSURE SOLAR RAD 

JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
FE B 
FE B 
FEB 
FEB 
FE B 
FE B 
F E B  
FEB 
MAR 
MAR 
MAR 
MAR 
MAR 
MAR 
MAR 
MAR 
APR 
APR 
APR 
APR 
APR 
APR 
APR 
APR 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
MAY 
3U N 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUN 
JUL 

C 

E 
: 

12 
15 
1E 
21 

C 

E 
s 

1 2  
15  

21 
C 
3 
€ 
9 

12  
15 
18 
21 
0 
3 
6 
9 

12 
15 
18 
21 

0 
3 
6 
9 

12 
15 
18 
21 

0 
3 
6 
9 

12 
15 
18 
21 

0 

r 
& 

L 

i a  

JU L 3 

( O/O ) (mb) (w/m2) ( m i s )  (Degree) (Degree C )  (Degree C) 

274 -0.7 -12.8 43.8 809.7 3.7 5.7 
5.2 
5.7 
5.4 
5 5  
5 s  
5.4 
5.2 
5.1 
5.0 
5.0 
4.7 
5.1 
5.3 
5.1 
5.1 

4.4 
4.4 
4.5 
5.1 
5.4 
4.8 
5.0 
4.4 
4.3 
4.3 
4.7 
5.1 
5.4 
5.0 
4.6 
4.3 

3.7 
4.1 
4.6 
5.5 
5.0 
4.7 
4.2 
3.8 
3.5 
3.5 
4.0 
4.6 
4.3 
4.2 
4 0  

4.8 

3.8 

283 
280 
275 
322 
235 
289 
278 
276 
28E 

2s9 
73 
23 

292 
2 74 
262 
286 
2&: 
318 

61 
20 

31 0 
280 
276 
2 83 
283 

31 
59 
24 

333 
2 73 
272 
277 
285 

81 
83 
56 

340 
275 
2 i O  
280 
27’7 

81 
85 
33 

3 28 
257 
272 

2 a8 

-1 0 
-1 1 
-0 4 
1 5  
20 
0 2  

-0 5 
G2 
3 ’  
0 6  
c 5  
3 3  
4 0  
1 8  
0 8  
2 7  
2 0  
1 5  
3 5  
6 1  
7 4  
5 9  
3 9  
6 1  
5 2  
4 8  
7 4  

10 0 
11 0 
10 1 
7 7  

11 0 
10 0 
9 4  

12 5 
15 4 
16 5 
15 4 
12 7 
15 6 
14 4 
1 4  3 
17 7 
20 4 
21 4 
20 4 
17 5 
18 5 
17 4 

-13.1 
-:3 4 
-1 2.7 
-1 1.3 
- 1  1 0 
- 1  1.8 
-1 2.5 
-i 0.5 
~: 0.2 
-1  1 3 
-1  0.3 

-9.2 
-9.1 
-9.5 

-1 0.0 
-7.7 
-8 3 
-8.6 
-7.5 
-6.8 
-6.7 
-6.9 
-7.3 
-4.4 
-5.0 
-5.5 
-4.1 
-3.9 
-3.7 
-3.4 
-3.7 
-0.8 
-1 .o 
-c\ 9 
0.6 
0.5 
0.3 
0.6 
0.1 
3.4 
2 8  
2.9 
4.7 
4.6 
4.3 
4.4 
4.1 
5.6 

43.3 
43.0 
43.0 
42.4 

44.2 
44.2 
49.2 

.I 

49.1 
48.8 
43.9 
42.6 
47.7 
48.9 
50.2 
50.9 
50.7 
48.7 
43.5 
40.9 
44.2 
48.2 
50.7 
52.0 
51 .O 
47.9 
42.4 
40.6 
43.1 
48.4 
46.7 
40.6 
51.9 
46.9 
39.5 
36.7 
39.8 
45.0 
46 8 
48.2 
49 0 
45.0 
38.0 
35.6 
37.9 
43.8 
45.3 

41.8 

809.5 
809.2 
81 0.0 

809 3 
809.8 
809.7 
810 4 
81 0.0 
809.9 
810.8 
81 1.7 
81 0.7 
810.6 
81 0.5 
809.6 
809.3 
809.2 
810.1 
81 0.7 
809.7 

a i 1  0 

809.6 
809.9 
81 0.6 
81G.1 
81 0.0 
81 0.9 
81 1 .O 
81 0.2 
810.1 

81 2.6 
81 2.0 
I 1  2.1 
813.2 
81 3.2 
81 2.4 
81 1.9 
81 2.3 
814.9 
81 4.6 
81 4.5 
81 5.8 
81 5.9 
81 5.2 

814.9 
81 7.0 

a i  0.6 

a i  4.6 

3.3 
2.6 

126.7 
453.1 
296 7 

4.3 
2.7 
4.7 
4 4  
4.1 

220.6 
556.2 
379.2 

15.7 
4.1 
4.8 
4.2 
5.9 

343.7 

461.7 
44.8 

4.8 
12.6 
11.9 

454.9 
696.0 
493.7 
108.7 

12.5 
4.1 
4.5 

56.3 
529.7 
736.5 
51 4.9 
143.7 

6.4 
4.9 
4.8 

67.8 
560.4 
747.7 
511.1 
122.3 
6.5 
3.0 

625.8 

31 .a 

3.5 286 . .  . 5 0  47.2 a i  6.5 3.01 
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TABLE 2.52. (Continued).  

Month Hour ws WD TEMP DEWPT RH PRESSURE SOLAR RAD 

( m k )  (Deqree) !Degree C )  (Degree C )  ( % ) (mb) (w/m2) 
JUL 
JUL 
JUL 
JUL 
JUL 
JUL 
AUG 
AUG 
AUG 
AUG 
AUG 
AUG 
AUG 
AUG 
SEPT 
SEPT 
SEPT 
SEPT 
SEPT 
SEPT 
S E  PT 
SEPT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
NOV 
NOV 
NOV 
NOV 
NOV 
NOV 
NOV 
NOV 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 21 

6 
9 

12 
15 
18 
21 
0 
3 
6 
9 

12 
15 
18 
21 
0 
3 
6 
9 

12 
15 
18 
21 
0 
3 
6 
9 

12 
15 
18 
21 

0 
3 
6 
9 

12 
15 
18 
21 
0 
3 
6 
9 

12 
15 
18 

4 6  277 809.7 4.5 

3 3  
3 4  
3 9  
4 5  
4 9  
4 3  
3 8  
3 4  
3 2  
3 2  
3 8  
4 3  
4 4  
4 0  
3 7  
3 7  
3 4  
3 3  
4 2  
4 3  
4 0  
4 2  
3 8  
3 6  
3 5  
3 4  
4 1  
4 4  
3 7  
4 0  
4 7  
4 8  
4 7  
4 5  
4 9  
5 2  
4 6  
4 9  
4 6  
4 5  
5 1  
5 0  
5 2  
5 2  
4 7  

66 
i 9  
60 

32: 
266 
270 
284 
2m 

53 
78 
54 

264 
255 
27Q 
270 
273 

66 
87 
69 

3 08 
27 1 
274 
287 
273 
99 
92 
48 

292 
272 
274 
273 
255 
253 

93 
348 
270 
258 
274 
279 
282 
2 m  
266 
306 
284 

17.0 
2'3 3 
23 4 
24 3 
23 1 
213.2 
18.1 
11 .1  

16 5 
19.9 
22.6 
23.2 
21.6 
1c 3 
14 3 
i 3.4 
12.6 
15.3 
12 2 
19.6 
18.0 
15.4 
9.0 
8.1 

9.5 
12.1 
13.5 
11.6 
9.7 
3.5 
2.9 
2.8 
3.7 
5.5 
6.6 
4.6 
3.8 
-0 4 
-0.9 
-1  .0 
-0.3 
1.6 
2.2 
0.3 

4 7  

7 r .  
10 

5.1 
6 8  
6 6  
6.3 
6.5 
6.2 
5.1 
4.5 
4 3  
6.0 
6.2 
6.1 
6.2 
5.7 
1.1 
0.7 
0.2 
1.7 
2.1 
2.0 
2.1 
1.3 

-4.9 
-5.3 
-5  5 
-4.4 
-3.6 
-3.5 
-3.8 
-4.6 
-8.9 
-9.4 
-9.9 
-9.1 
-8.0 
-7.9 
-8.5 
-8.8 

-12.6 
-13.0 
-13.2 
-1 2.8 
-1 1.3 
-1 1.1 
-1  2.0 

-0 2 -12 6 

48 5 
44 1 
36 9 
34 5 

42 8 
44 4 
4 5  7 
46 8 
42 9 
36 6 
35 3 
36 6 
43 1 
43 2 
44 6 
45 9 
42 9 
36 7 
33 7 
37 2 
41 3 
39 8 
40 7 
41 6 
40 6 
35 9 
33 4 
36 5 
39 1 
42 4 
42 5 
41 8 
41 7 
36 4 
36 7 
40 4 
41 5 
44 5 
45 4 
44 9 
44 4 
43 4 
42 2 
44 6 
44 0 

3: a 

61 7.9 
81 8.3 
61 7.6 
81 7.0 
817.0 
81 7.5 
377 1 
817 0 
618.5 
619.0 
818.4 
81 7.6 
61 7.5 
61 5.8 
81 5.5 
81 5.6 
81 6.7 
81 7.2 
81 6.1 
81 5.7 
81 5.8 
814.4 
814.0 
81 3.9 
81 5.0 
81 5.4 
81 4.5 
81 4.2 
81 4.4 
810.6 
81 0.3 
81 0.3 
61 1.2 
81 1.7 
81 0.8 
81 0.7 
81 0.7 
609.6 
809.4 
809.2 
810.1 
81 0.8 
809.8 
809.7 

540.4 
71 5.9 
514.6 
182.9 

5.4 
3.4 
2.3 

26.2 
484.8 
669.0 
454.8 
128.3 

4.3 
4.7 
4.1 

12.8 
384.7 
672.0 
465.4 

71.6 
5.5 
3.8 
3.3 
3.6 

277.9 
559.5 
372.6 

3.6 
7.8 
5.7 
6.1 

205.2 
487.5 
267.7 

6.7 
5.2 
4.6 
4.8 
5.4 

147.9 
41 7.5 
236.6 

4.8 

21 .a 
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GLOSSARY 

absolute humidity Ratio of Atmospheric water vapor mass to moist atmospheric mass 
(g/kg). 

absolute temperature Temperature scale based on absolute zero, given in degrees kelvin 
( K =  "C + 273). 

Adiabatic process Expansional cooling or compressional warming of air parcels in 
which there is no net heat exchange between the air parcels and 
the surrounding air. 

ai r den sit y Mass per unit volume of air, about 0.96 kg/m3 at the Site and 
1.29 kg/m3 at sea level. 

anemometer Instrument used to measure wind speed. 

aneroid barometer A portable instrument that uses a flexible metal .chamber and 
spring to measure atmospheric pressure. 

apparent temperature A calculated air temperature at which the heat loss form exposed 
skin accounts for the wind-speed and humidity effects at the actual 
temperature. Warming effects by sunshine is often included. 

atmospheric pressure The force per unit area exerted on any surface by air molecules. 

atmospheric stability Property of an air layer encouraging or discouraging buoyancy to 
air parcels moving vertically in the air layer; depends on the 
temperature profile of the air layer. 

autumn 

barometer 

climate 

climate normal 

Season between autumnal equinox and the winter solstice, about 
September 21 to December 21 ; meieorologically, by convention, 
September through November. 

An instrument used to measure atmospheric pressure. See 
aneroid barometer and mercurial barometer. 

Weather variations of some locality averaged over some time 
period, plus extremes in weather behavior observed during the 
same period. 

Mean weather, plus weather variations, at some locality for some 
period, usually 30 years. Normal is sometimes defined as the 
mean +/- 2 standard deviations for variables such as temperature, 
precipitation and snowfall. Abnormal weather represents extremes 
> 2 standard deviations from the mean. 
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condensation Process by which water changes phase from a vapor to a liquid. 

convection Vertical air motion in which warm air rises and cold air sinks. 

convergence A wind pattern whereby there is a net inflow of air over some 
region. 

cooling-degree day Uni? that measures the need for air condrtionlng when the average 
daily air temperature [(maximum + minimum)/2] exceeds a specific 
base, commonly 65°F or 70OF; computed by subtrazting the bas? 
from the average daily temperature (OF). 

design A value, such as a specific temperature, that occurs with a specific 
frequency during the year. A 1% winter design temperature, for 
example, can assist in designing a heating system and determining 
insulation requirements for a building. 

dew point or 
dew-point temperature Temperature to which air must be cooled at constant pressure to 

reach saturation. 

diffuse insolation Solar radiation that is scattered or reflected by the atmosphere or 
its components (clouds, for example) to the earth's surface. 

direct insolation Solar radiation that is transmitted directly through the atmosphere 
to the earth's surface without interacting with the atmosphere or its 
components. 

dispersion 

divergence 

The horizontal and vertical spreading of air pollution by 
atmospheric turbulent motions, resulting in lower concentrations. 

A wind pattern whereby there is a net outflow of air over some 
region. 

dry adiabatic cooling 
(warming) Expansion (compressional) cooling (warming) of rising (sinking) 

unsaturated air parcels. No heat exchange occurs between the air 
parcels and the surrounding air. 

dry adiabatic lapse 
rate Rising (sinking) unsaturated air parcels cools (warm) at the rate 07 

about 5.5"F per 1000 ft, or 10°C per 1000 rn of rise (fall). 

dry-bulb temperature The actual air temperature as measured by a dry-bulb 
thermometer. 
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equinoxes 

evaporation 

evapotranspiration 

expansional cooling 

extreme value analysis 

fog 

freeze 

freeze-t haw day 

friction layer . 

frost 

frost point 

gas law 

Gaussian dispersion 
model 

The first day of spring (-March 21) and autumn (-September 21) 
when the sun is directly over the equator. Day and night are of 
equal length at equinox. 

The change of water phase form liquid to vapor at a temperature 
below the boiling point of water. 

Vaporization of water through direct evaporation from wet surfaces 
and the release of water vapor by vegetation. 

A temperature drop associated with a pressure decrease oi  volume 
of air, as when air rises within the atmosphere. 

Plot of annual variable extremes, such as temperature and 
precipitation, used to estimate expected values such as 50- and 
1 OO-year return periods. 

A cloud in contact with the earth's surface that reduces visibility to 
less than 1 .O km (0.6 miles). 

A day in which the minimum temperature is 32°F or below. A hard 
freeze is a day in which the temperature dips to 28°F or below. 

Day in which the maximum temperature exceeds 32°F and the 
minimum is 32°F or less. 

Atmospheric layer extending from the ground surface to 1-2 km 
above, where winds are affected by ground frictional resistance; 
boundary layer. 

ice crystals formed by water vapor deposition on a surface at 
temperatures of 32°F or below. 

Temperature to which air must be cooled ( i f  at 32°F or below at 
constant pressure to reach saturation. 

Relationship among the variables of state. Pressure is proportional 
to the product of temperature and density. 

An atmospheric dispersion model that estimates down wind 
pollutant concentrations, given vertical and horizontal distances of 
and from the pollurant cloud. Pollutant drop-off is assumed to 
follow a normal distribution from the cloud center line. 
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gradient 

gravity 

g rowing-degree day 

gust 

heat 

heat i ng-deg ree day 

insolation 

langley U Y )  

lapse rate 

latent heat transfer 

mercurial barometer 

meteorology 

microclimate 

microscale weather 

rn i I Ii bar (m bar) 

R-93-08-200 

The change in some variable (such pressure or temperature) with 
distance. 

The force that holds all objects onto the earth and that accelerates 
them toward the earth's surface. Gravity results from the net effect 
of gravitational and centrifugal force caused by the earth's rotation. 

Same as cooling-degree day (see), except that the growing-degrec> 
day is used to measure the growth mrential of piants. Commor 
bases are 40°F through 70°F. 

A quick, sharp and brief increase in wind sDeed. 

The total molecular energy contained by a give amount of 
substance. 

Unit that measures the need for space heating when the average 
daily air temperature [(maximum + minimum)!Z] is less than a 
specific base, usually 65°F. The measurement is computed by 
subtracting the average daily temperature from the base. 

Incoming solar radiation. See diffuse insolation and direct 
insolation. 

An energy flux unit defined as 1 calorie/cm2 or 1.4 kW/rn2. 

Change of temperature with height. 

Movement of heat from one place (moist soil, for example) to 
another (the atmosphere) as a consequence of the water phase 
changes. Heat is required for evaporation and sublimation at the 
earth's surface. It is released in the form of condensation and 
deposition within the atmosphere. 

A mercury-filled tube used to measure air pressure; a high- 
accuracy barometric standard. 

Scientific study of the atmosphere and atmospheric processes. 

Means and extremes in weather over a very small spatial scale 
(usually on the order of centimeters to meters). 

The smallest scale of weather (<1 km). 

A conventional meteorological unit of air pressure. The standard 
sea-level air pressure is 101 3.25 mbar. 
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mixing layer 

mixing ratio 

moist adiabatic 
lapse rate 

Surface layer of the atmosphere in which air is thoroughly mixed by 
convection. Mixing depth is the thickness of the mixing layer, 
which often coincides with the boundary layer. 

Mass of water vapor per mass of dry air; expressed as grams per 
kilogram (g/kg). 

A variable cooling rate of rising saturated air parcels. This rate IS 

less than the dry adiabatic lapse rare because some of the cooling 
is offset by tf ie iatenr hsat release from condensation. 

neutral atmosphere An atmosphere thar has a lapse rate nearly identical to the dry 
adiabatic lapse rate, implying no tendency for a displaced air parce! 
to gain or lose buoyancy; represented by the D stability category. 

normal See climate normal. 

orographic lifting Rising motion of air forced by topography. 

orographic precipitation Rainfall or snowfall from clouds forced by topographic air uplift. 

Pasquill-Gifford stability 
categories and curves Stability categories, designated A through F, which characterize 

stability of lower atmosphere, with A most unstable, D neutral and 
F most stable. Horizontal (sigma y) and vertical (sigma z )  
dispersion values have been calculated by stability category and 
downwind distance, assuming a smooth surface. 

precipitation 

psychrometer 

pyranometer 

radiation 

radiation fog 

Water in solid or liquid form that falls to the earth's surface from 
clouds. Water-equivalent precipitation is a measure of rain and 
melted snow or ice. 

An instrument used to determine relative humidity, dew point and 
dry- and wet bulb temperatures. 

An instrument that measures total insolation (direct and diffuse) 
received on an area parallel to the ground. 

Energy transported via electromagnetic waves traveling at the 
speed of light and capable of traveling through a vacuum. 

Fog formed by the nighttime radiational cooling of a humid air layer 
so that its relative humidity approaches 100%. 
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radiation temperature 
inversion 

rain 

rain gauge 

reduction to sea level 

relative hu midity 

return period (Tr) 

saturation mixing ratio 

saturation vapor 
pressure 

snow 

solar altitude 

solar constant 

so 1st ice 

soundings 

specific humidity 

Cooling of a surface layer by outgoing infrared radiation, resulting 
in the coldest air at the surface and air temperatures increasing 
with altitude. 

Precipitation consisting of  liquid water droplers having diameters 
between 0.02 in. (0.5 mm) and 0.2 in. (5.0 mm). 

A device, usually a cylindrical cantainer, that measures 
precipitation (rain). 

An adjustment applied to surface air-pressure readings to eliminate 
the influence of station elevation. 

Percentage of water vapor that air can hold at a specific 
temperature. 

Expected time period between occurrences of a specific event (i.e., 
100-year return period of a specific daily snowfall). 

The maximum concentration of water vapor in a given volume of air 
at a specific temperature. 

The maximum possible vapor pressure in a sample of air at a 
specific temperature. 

Precipitation consisting of aggregation of ice crystals in the form of 
hexagonal flakes. 

The angle of the sun above the horizon 

The flux of solar radiational energy falling on a surface at the top of 
the atmosphere, oriented perpendicular to the solar beam when the 
earth is at an average distance from the sun, about 2.00 
langley/min. 

Time when the sun is at its maximum poleward location relative to 
the earth (latitudes 23.5” north and south) ;  first days of summer 
and winter. 

Continuous altitude measuremen?s that provide profiles of 
variables such as temperature, humidity and wind speed. 

Ratio of atmospheric water vapor mass to the dry atmospheric 
mass holding it; approximately equal to absolute humidity (g/kg). 
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spring 

st a bi lit y category 

Stabie stmosphere 

Season between spring equinox and summer solstice, about 
March 21 through June 21 ; meteorologicAly, by convention, March 
through May. 

See Pasquill-Gifiord stability category and curves 

An atmosphere in which the temperature decreases more graaually 
thaf i  does the ary adiabatic lapse rate (5.5"F/1000 ft [ l  W 1  000ml) 
or actually increases with height; air parcel that resists vertical 
motion in stable atmosphere; repressnted by the E category for 
sliptly stable and the F caregory for very s1aSle 

standard atmosphere A theoretical average atmosphere of the variables pressure, 
temperature and density. 

sub adiabatic Same as stable atmosphere. 

summer Season between summer solstice and autumn equinox, about 
June 21 through September 21 ; meteorologically, by convention, 
June through August. 

super adiabatic Same as unstable atmosphere. 

supersaturation An air sample having a relative humidity greater than 100%. 

surface layer Lowest part of the atmosphere (50 to 200 m above ground level 
[AGL]) that has the sharpest variations of weather variables 
(temperature, humidity and winds) with height. 

temperature A measure of the relative molecular activity of a substance. 

tem pe rat ure gradient Temperature change with distance. 

temperature inversion See inversion. 

thermometer An instrument used to measure temperature. 

tipping-bucket 
rain gauge An instrument that accumulated rainfall, usually in increments of 

0.01 in. (0.025 cm), by containers that alternately fill and empty 
(tip). 

tropopause Zone of transition between the troposphere below and the 
stratosphere above; top of the troposphere. 
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troposphere Lowest thermal subdivision of the atmosphere in which air 
temperature normally drops with altitude; layer where most weather 
occurs. 

turbidity Dustiness of the atmosphere. 

turbulence Random, chaotic air motions that occur in scales from inches to 
thousands of feet (centimeters to kilometers). 

u It raviolet radiation Shot--wave, high-energy solar radiation, much of which is 
absorbed by ozone in the stratosphere. 

unsiable amasphere  An stmssphere in which the temperature decreases more with 
height than the dry adiabatic lapse rate (5.5"F/1000 f? [ 1 "  
C/1000m]). An air parcel accelerates away from its original 
position after upward or downward displacement in an unstable 
atmosphere. 

updraft 

upslope fog 

upslope wind 

vapor pressure 

Upward-moving air, usually in a thunderstorm cell. 

Ground-level cloud formed from the expansional cooling of humid 
air that is forced to ascend a mountain or plateau slope. 

A flow of air that is directed up a slope; often can be a thermally 
driven, relatively deep local wind that forms over slopes during 
sunny days with light, large-scale winds (anabatic winds). 

The portion of the total air pressure accounted for by the water 
vapor in the atmosphere. 

variables of state Temperature, pressure and air density. 

vertical pressure gradient Decrease of air pressure with altitude. 

virtual temperature An adjustment made to the real air temperature to account for a 
reduction in air density because of the presence of water vapor. 

water-equivalent 
precipitation The total liquid content of precipitation, including rainfall and melted 

snow. 

we at her The state of the armosphere in terms of variables such as 
temperature, cloudiness, precipitation and sunshine. 
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wet-bulb temperature 

wind 

wind direction 

wind rose 

wind shear 

wind vane 

winter 

The temperature to which air will cool when brought to saturation 
by evaporation of water; can be measured by wet-bulb 
thermometer; used to obtain dew point or relative humidity by 
comparing with temperature. The difference from dry-bulb 
temperature is called the wet-bulb depression. 

Air movement caused by horizontal pressure differences. 

A calculated air temperature that takes into account the cooling 
etfects (heat loss) of wind on exposed S K \ ~ .  

Direction from which the wind is blowing. 

A diagram that indicates wind-direction frequencies and sometimes 
wind-speed categories. 

A change, sometimes abrupt, in wind speed or direction with height 
of horizontal distance. 

An instrument used to measure wind direction by pointing into the 
wind. 

Season between winter solstice and spring equinox, about 
December 21 through March 21 ; meteorologically, by convention, 
December through February, 

R-93-08-200 - 9 -  



REFERENCES 

Berry, F.A., Jr., E. Bollay, and N.R. Beers (1945): Handbook of -. McGraw- 
Hill Book Company, New York, NY. 

B o w e n ,  B. M., and S.E. Pamp (1994): Comparison and Evaluation of Turbulence 
Estimation Schemes at Rocky Flats Plant. Tenth Conference on Applications of Air 
Pollution Meteorology wlth the Air Waste M a n a g e m e n t  Asscciatron, BDS!~:?,  
:*lz;saciiilsatts, Amarican Meteorological Society, 54-60. 

n,- c- I ? v ,  R.? (1976) Determination of Atmospherrc Diffusion Parameters Atm;crs 

F,, -37. , x 99-105 
Los Alarnos Climatology (1 990): U.S. Government Printing Office, Washington, D.C. 

Steadman, R. G. (1984): A universal scale of apparent temperature. J. of Climate and 
, a: 1674-1 687. 

The Astronomical Almanac for 1993 (1 992): U S .  Government Printing Office, 
Washington, D.C. 

U.S. Environmental Protection Agency (1 987): On-Site Meteorological Program 
Guidance for Regulatory Modeling Applications. EPA Document 450/4-87-013, 
Office of Air Quality Planning and Standards, Research Triangle Park, North 
Caro li na. 

- 1 -  




