
PAKISTAN WATER AND POWER DEVE:OPMENT ,.W-:-3OIITY
 

GUDDU 600 MW COMBINED CYCLE PO1gER PLANT --'l-YOJECT
 

USAID CONTRACT NO. 391-047 -C-00-3045-00
 

GIBBS & HILL JOB NO-3572
 

TASK ORDER NO. .:8
 

PLANT POWER AUGMENrATION USING 
INLET AIR EVAPORATIVE COOLERS 

ANALYSIS OF ECONOMIC INTERNAL RATE OF RETURN 

MARCH 1991 

GIBBS & HILl, INC. 
ENGINEERS & DESIGNERS 

BEST A tI LASE DOCUMENT 



PAKISTAN WATER AND POWER DEVELCPMENT AUTH-:Y--


GUIDU 60 MW COMBINED CYCLE POWER PLANT PROJECT
 

PLANT POWER AUGMENTATO!"N USING
 
INLET AIR EVAPORATIVE COOJLERS
 

ANALYSIS OF ECONOIEC INTERNAL OF RETVhR
PATE 

CONTENTS
 

1.0 Introduction 1 

2.0 Methodology 2. 

3.0 Input Data and Assumptions 2 

4.0 Results and Conclusions 6 

References 

Table 

Table 4-1 EIRR Analysis Results 

Eigures 

Figure 1 Temperature and Humidity Data, Rohri Meteorological Station
Figure 2 Guddu Combined Cycle Power Plant, Output vorstin Ambient 

Temperature (without Inlet air coolinq)
Figure 3 Guddu Combined Cycle Power Pknnt, Average lncrma..e in Base 

Load Power Output with Inlet Air Cooi ;iq
Figure 4 Guddu Combined Cycle Power Pla,,;,, Typical Daily Pcv,'er Output

,Increase with Inlet Air Cooling 

Appendices 

Appendix A Meteorological Data
Appendix B Power Increases Attributable to Inlet Air Evaporative Cooling
Appendix C Plant Outages
Appendix D Economic Dispatch Loading 

BEST AVAILABLE DOCUMENT
 



GUDDU 600 MW COMBINED CYCLE POWER PLANT
 
CONTRACT NO. 391-0473-C-00-3045-00
 

TASK ORDER NO. 848
 

PLANT POWER AUGMEN-I-ATlON USING
 
INLET AIR EVAPORATIVE CCOLERS
 

ANALYSIS OF ECONOMIC INTERNAL SAATE OF RETURN
 

1.0 	 ntmfton 

1.1 	 The Guddu 600 MW Combined Cycle Power Plant consists of two 
General Electric STAG Units. Each unit includes two GE Frame 9 gas
turbine-generators, two vertical forced circulation heat recovery steam 
generators and one tandem high/low p!rssure double e houst steam 
turbine-generator. The plant commenced smple cycle opeio4ion in 1986 
and has been operating in the combine,!c cyl e mode since 98 

1.2 	 The power output of a gas turbine is ;:,._portional to th,, ri-,Ss flow of 
combustion air which is passed to the ti,..';e by the conpr_.s3or. As the 
ambient temperature increases, the turbine power output decreases 
because of the reduced air density and consequential d, wasein air 
mass flow through compressor. hefore an r, in powerthe lc incr,, 
output will result if the gas turbine inlet ,It temperature c.ii [.( lowered 
below the ambient air temperature. In - combined cycle plhint th, stearn 
turbine output will also becas.;,s the increa , flowIncrease of m>g,,,s
through the heat recovery steam genei:rs. outpU' (ftl.,;The Guddu 
gas turbines is limited during the hot s .,:,(April to Oct:),,, by high to 
extremely high ambient temperatures. inin:,ientsxc:C are 
normal during the hot months and tem;mtra-ures as high - 4 : C are 
sometimes experienced. The fairly Io., ;mbient relativ unidities at 
Guddu during the summer render eva!.:oUi.'e cooling of trl._, rMs turbine 
Inlet air an attractive means of increasinq shint output. 

1.3 	 The power Increases which can be antic:.,ted with inlet ail, -,v,;)orative
cooling at Guddu, the equipment reouir(j6 -ind ;-r;::Cratingthe capitHO o 
costs of the retrofit installation are ad , d in an earlier Gi:5-s & Hill 
report (reference 1). A simple analysi orueted in that indicated 
that the air cooler installations would ht, cost-effective. there 
are many Individual plant usage and plo, site climatic factors thm, result 
In considerable variations in the econoni c benefits obtair,,:d from the 
use of evaporative coolers. 	 sirability ofThis variab.v indicated the ,'-
performing a more comprehensive Ln:i ysis utilizing ti,? ex.tensive 
economic, operational and climatic dat:l vhich are a i for the 
Guddu installation. 

1.4 	 This report has been prepared as a respeoso to requess. t,,, the United 
States Agency for International Develop,.nt (USAID) and th.- Pakistan 
Water and Power Development Author it,- (WAPDA) that Gibbs & Hill 
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prepare an analysis of the economic internal rate of retULrn fEIRH) which 
would result from the Installation of evaporative inlet air coolturs on the 
Guddu 600 MW Combined Cycle Power Plant gas turbines. The report
Is Intended to assist USAID and WAPDA. in assessing the economic 
benefits which would result following thc_installation of evaporative 
coolers at Guddu. 

2.0 	 Methodology 

2.1 	 The methodology employed was based on a conventional FIFIR analysis

format suitable for tax exempt business entities such as WAPDA.
 
Although WAPDA Is not subju-zt to corporate income taxes it is
 
responsible for the payment of custome, duties and reltd taxes on
 
Imported equipment. This was accountd far in the analysis.
 

2.2 	 Several of the key parameters which chre the EIRR olalion are
 
subject to daily, seasonal and ann,'.1 '.iiatrons. ClimvK; conditions
 
(specifically wet and dry bulb ambien, I -ratures) are ;-!r,annple. In
 
addition there are nd forced rates and
variations in scheciu,.:- -.- ota-: 
the economic dispatch loading of thr :,cult. These thvr,1 vairiables,
climatic conditions, plant outages and :cu,.oniic dispatch ruquirements,
determine the actual Internal rate of retu (;HR) which WouLid result from 
the use of gas turbine Ilei air evaporativ, coolers. 

3.0 	 InptLat andd_Assumptionos 

3.1 	 The following data and assumptions wver.5ed in the analysis: 

3.1.1 	 MeteorologLcal Data 

There are no detailed meteorological d*,,available for th', Guddu site. 
Extensive data for the Pakistan Governmant fvleteorolon,:caI Station at 
Rohrl were obtained by G&H personn-! biased in Palksl-.n. Rohri is 
situated on the left bank of the River 1r J .; opposite the c':", of Sukkur 
and Is about 150 km. south of Gudd. Pohri experionc;.. a climate 
which Is very similar to that of the Gun!::-. area. The - (d; -ta were 
therefore used for the analysis. The !2 t consist iU buib and 
wet bulb temperatures taken every th: ' n n over n . month 
period (5,840 readings). The data the proce;-. us;methods
employed are presented and discussed ir L!,ppendix A. 

Monthly averages of dry bulb temperatu'co, wet bulb teo-,_-.rature and 
relative humidity at Rohri over the period Aulgust 1989 to July 1990 are 
shown In figure 1. Dry bulb temperatu peak during thli months of 
May and June. The wet bulb depressii Oi.e., the difierienc between 
the dry and wet bulb temperature) rea : a peak in Ma;. decreases 
through August and incraases to reach a lesser, seconaa'.JI- peak in 
October. The reduced wet bulb dep;)ression (i.e., hi;her relative 
humidity) over the period from July to September is 1ttributed to 
monsoon effects, although Guddu itself is outside the monsoon rainfall 
area. The seasonal variation in the dry'wet bulb temperature difference 
Is of Interest because the power increase .vhich can be obtained from 
evaporative cooling Is proportional to vet bulb depression. 
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TEMPERATURE AND HUMIDITY DATA 
ROHRI METEOROLOGICAL STATION 
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3.1.2 Power Increase AttribLutab o__olet A.r £":.cor:tive Coolirg 

The method by which 'he power incr.,. attributable tu wa.norative 
cooling were calculated is discussed in do:- v;' in Appendi,:. Combined 
cycle power plant base load outpu ,, plotted rc " ambient 
temperature using data obtained from Jlint oper ,tionm, lons (see
figure 2). The slope of the straight linte r 'icnship oat ina-d is in close 
agreement with data provided by Geneit r ic. 

This relationship can be used to calculate ; iwer outputs with inlet air 
cooling, since, for any given ambient a:, ature, t,, t.er output
which can be obta!ned from inlet air c..,is definec b, the power
output corresponding to the cooled air tu;,:are 

A computer model was developed to ca the ncr in power 
output which can be achieved through u', .tivo cooIn.The model 
uses the power output-temps ature reiliot,uac, an discu>S ,' , and is
based upon the assumption that the ,v,' Re coo er, ate at an 
efficiency of 80 percent, (i.e. the inlet ait'i,; -oiled by 8") poicent of the 
wet bulb depression. II might be noted h.. 90 percent ffli. ency wis 
Used In the reference I report. Althoual i ff iciency cri be achieved 
with new media a more conservative apprac! is consid(tec appropriate
for the present analysis). The model a o o nts for ti,,, sniJ!it loss in 
efficiency resulting from the increase in ' , res.ur(' uned by
the evaporative media. 

Calculated Increases In base load power e at-,ifor eacti monrith over the 
year for Which meteorological data were- ot,! d are Fhl,-n.n in figure 3. 
These increase§ are on the basis of a. monthly d' ::( weI bulb 
temperatures. A typical daily power inc, . curve is .,' in figure 4. 
The calculated averaae yearly power <-,all, or the hnK of a base 
loaded plant and without consideration c; ':.s and pa' _'dctions, 
Is 14.0 MW. 

3. 1.3 o.LQof Ga$_Fuel 

The tost bf the gat fuel required for tht, generation of the additional 
power obtained tnrough Inlet air cooling ;,.; taken to be 0.119 Rs/KWh.
This i6 the figurd for Marl gas, as utilized 1,,, thie Guddu Co-i:,ined Cycle
Plant, quoted by the - Asian Develc_ t-n nt Bank in l:ir Project 
Completion Report (reference 2). 

3.1.4 PlantuOtages 

Plant outages were based on plant data for the year 19E"-t990. The 
cumulative outage rate was 10.9 perc.... v.hich is in lin- ,vith U.S. 
experience. It should be 'noted that tha loss in out ant izssomewhat 
greater than that suggested by the 10.9- i outage a.ince thet s:c, 
loss of output from a gas turbine resuk: in losof 51D percent of the 
output from the associated steam turbin. T-, was acc.outi'I for in the 
analysis. The outage data are present,,-: it :)pendiX C. ,';.1r tages
have the effect of reducing the calculrtt' , avera,' I .. ... r itease 
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GUDDU COMBINED CYCLE POWER PLANT
 
OUTPUT VERSUS AMBIENT TEMPERATURE (WITHOUT INLET AIR COOLING)
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GUDDU COMBINED CYCLE POWER PLANT
AVERAGE INCREASE IN BASE LOAD POWER OUTPUT WITH INLET AIR COOLERS 
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GUDDU COMBINED CYCLE POWER PLANT 
TYPICAL DAILY POWER OUTPUT INCREASE WITH INLET AIR COOLING 
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3.1.5 

3.1.6 

3.1.7 

3.1.8 

of 14.0 MW (for a plant which is base loaded 24 hours a day throughout 

the year) to 12.1 MW. 

Ecnom[r Dlspa[ _o-a
ping
 

The power Increase potential provided by tht inlet air cooler-S is not fully
utilized during those periods when plant output is reduced for economic 
dispatch purposes. Power reductions due to economic dispatch result in 
a further reduction is the calculated yearly average power increase from 
12.1 MW to 10.2 IV. 

Qa pita CosLof Equpmneno1 

The cost of the Installation, as estimated in November 1990 is presented

In reference 1 and Is as follows:
 

Equipment delivered CIF Karachi $3,934,000 
Supervision of installation $90,000 
Inland transportation, local 
supply and erection R. 26,820,000 

On the basis of data for similar irnpoited equipment it is asstmed that
 
WAPDA will be required to pay import duties at 17 percent of the CIF
 
cost. Using an exchange rate of 22.0 Pakistan rupees per U.S. dollar
 
the estimated total capital cost, including import duties, is Rs.
 
130,061,000.
 
Loss of Revenue During_Construction
 

It was assumed that the retrofit work v.:' timedb to coincide with the
 
gas turbine shutdowns for -Innual mai'Tthernc: . vi r ,,re bo
,lit;mm 

no loss of revenue attributable to the e'.'apuru,.., cooler wttrofit activities.
 

Operating andMaintenance Costs 

The annual cost of replacement evaporr,.iJu m ,dia is ,(44.C'CCIreference
 
1). This figure is Increased by 17 perc:,rit to account fcr import duties

and taxes. The annual rupee costeo reof l.:cent medi-i is tIuerefore Rs.
 
1,130,000. 

The power required to pump the evai;, media ',.'a,:- a about 60 
kW. Per WAPDA advice parasitic elkctri:ity c03t" Rs. C.35lKWtr. The
annual pumping cost is therefore Rs. 1 "0,0CC 

It is assumed that the existing plant m ininance st'aff ;1(,,d not be 
expanded on account of the cooem uwta.V tan and thlmwfore plant
staffing costs are not incruased. 

The annual operations and maintenance coat is therefore eatirrated to 
be Rs. 1,320,000. 

-4-
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3.1.9 Interest- Rate 

The interest rate on borrowed funds was ass o ,e11 percent.
This is the rate on loans made to V',AP[ ry tv. Government of
Pakistan. It was assumed that no interest pa',e ,nt. on principal are due 
until commercial operation of the evaporativ, ooi-, s,after which the 
loan would be repaid over 20 years. No cm. -is assumed. 

3.1.10 Discount Rate on Future Savings 

The discount rate on future savings was taken a's 10 percent. This figure 
was provided by WAPDA. 

3.1.11 Value ofAdditional EleqtricahOutput to ,,\PDA 

A value of 9 Rs/kWh of additional output Ias - assined. This value 
was furnished by WAPDA and is a constln, i.o. itde-, not vary on a
seasonal, daily or hourly basis. - ',a,-;h
It is an .e , because it 
includes, the value of the social , ti 'i and ofbon(;Yi. r. , fy people
Pakistan as well as the value of the .... to For. VVAPDA. 
EIRR analysis purposes the value , ivi, components, 8Rs/kWh for social benefit value and 1 -- for value. Thek'V,'i 

revenue component was escalated as di,. ... 
 in) the following
sub-section. 

No value was attributed to the additiona:l caLIcitv av ilobe from the use
of inlet coolers of alre c ,'v hilrh rupee ofair because the , i' value 
additional output. 

3.1.12 Escalation 

It was assumed that the November 190 rsit-ii cos tietimate presented
in sub-section 3.1.6 and the O&M cost p>.'r;ic oub-suction 3.1.8
would escalate by 5 percent prior to , i.ecu,contract for the
turnkey supply of the installation. 6 perc.,nt . ' r escalation in the
value of additional revenue to .. iii..,.'DAa oralions and 
maintenance costs and fuel costs ws . ; '' ... ,' useful life of 
the cooler facility. 

3.1.13 Useful-Life ofinstallation 

A 20 year cool3r installation life cycle v-ie.. ,.. i .. loan term
and the equipment life are the sam . C ,-..... 9; straight line
depreciation this results in slightly lo r .ci'-'-r, for the first ten 
years and correspondingly higher dpro,,i,r io i ,,,ears. This
follows from the fact that for constant - ''. terms, as was
assumed here, amortization in the ea,, - s at a lower 
rate than for straight line depreciation. 

3.1.14 Power Losses 

Power losses were not considered in the anaisis since tht majority of
these occur in the transmission and distribution system and not in 
generation. 

-5-
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4.0 	 Results andConclusions 

4.1 	 The analysis results are presented in Table 4-1. Both the EIRR and the 
number of years required to achieve payhacL are extremely favorable. 
This is because the cost of fuel and tl ( , inv, s;tment required for 
the evaporative cooler installation are bctl, r v 

Using the 9 Rs/KWh value attributed by ",PDi'A to idditional electrical 
output the internal rate of return is 56i", prci' tho p-iyh ck period
is only a few months. If the social bonofit comp)orient of the value ofadditional revenue is excluded and a v,_iu- o' H, isV~h is Lsed, the IRR 
Is 51 percent and the payback period I- less years. This is 
c ,nsid ered to be a more realistic econm;c c,., s' e it iU based on the 
economic benefits to WAPDA. 

The two variables with significant rip. ,- (, fLue and fuel 
cost. The cost of the gas 	 used -: ,J!u .. ,Lti-mulyow when 
compared with the cost of gas in the 1'i:.d t , .,, ; cost of 0.119 
Rs/KWh was used for analysis. T1is , , i ,,, timt,s less than gas
fired combined cycle power plant fu' ' t i t .SI l, d about five 
times less than the fuel cost for V,j'li ' ' i: steim plants
when fired with furnace oil. If the assunt'i of (.119 RsKWh is 
increased by five times, the IRR rein-i t . level of 21 
percent on the conservative bases cO rtoi. WAPDA 
to compensate for the increased co-, uf fll-! ' a(:lusion of the
social benefit value from revenue. I- this case is 
six years. 

It is concluded that the installation of inh! air 'uvapc:itiv.c coolers on the 
Guddu combined cycle plant gas turis : a-n atcti,,'e economic 
proposition for WAPDA. 

-6-
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PLANT POWER AUGMENTATION USING INLET AIR EVAPORATIVE COOLERS
 
ANALYSIS OF ECONOMIC INTERNAL RATE OF RETURN 

APPENDIX A 

METEOROLOGiCAL DATA 

Detailed meteorological data are not available for the Guddu site. However
extensive dala for the Pakistan Government Meteorologicai Station at Rohri were
obtained by Cibbs & Hill personnel based in Pak,istan. Rohri is situated on the
River Indus opposite the city of Sukkur and is eo i50 1M'oh of GLuddU. The
Rohri climate is very similar to that of Guddu d th- Prohn , 'ere therefore 
used for analysis. 

The base data consist of dry bulb and wet bulb te'mper.tures :,;ded every three1);

hours over the twelve month period from AuCLst 2 1'-18) ) Jul', 31, 1990. The
data were inputted to a spreadsheet progrem to facilit 'te nn"!,'iy-. A print-out of
the base data (5,840 individual readings) is presented in Tabli-1. 

A two step data reduction program was implemented to simpify analysis. The first 
step consisted of the formulation of average dkry ulb ;snd w.":: houOtemperatures
for each month of the year, at the same three hour intervals for which the data 
were recorded (i.e, 2:00 a.m., 5:00 a.m., 8:00 i.m., 11:00 n.m., 2:CO p.m., 5:00 
p.m., 8:00 p.m., and 11:00 p.m.). This was performed by ivwar in tie individual
data points for each day of the month at each of the ein' ti "a1i vrich the data 
were recorded during the day for both dry ar'i '''v t .,erattires. This 
information is presented in Table A-2. 

The second step in the data reduction process ,, dev,.oofrt of monthly 
average dry bulb and wet bulb temperatute . ofa,il i temperature
readings obtained for a particular month were cv, aar' h eilit readings'ti 

taken every three hours for each day of the mc'h. . .. moos were also
calculated. Relativt and specific humidities weo h- rth,m d for these 
averages. Table A-3 presents this information in ' tic nlti fott. Figure A-1 
presents this information in a graphical forwat. 

Additional temperature data from the Pakistan ('.' am t rlgical Station 
at Rohri were processed to provide confidence th;: fi-tn ' oroogical data
obtained for the twelve month period from Auu , 1 ti, J,31, 1990, 
were truly representative of the region and noa r' mnr na'- , l weather 
patterns. This was done by transcribing diy '';'d ' '' :t[tperature
records for every three hours (the same hour' u , ,a dLta discussed 
above) for the first, seventh, fifteenth, and t , , fifth c''v of .' h month from 
January 1, 198-1 through August 25, 1988. l- - ' 't , d,e t' ( nt in Table
A-4. A three step data reduction process, simrn to t rt was.- :.c:;ii:,I above,
employed to facilitate the analysis of the data ' to , for comparison
with the data records for the full twelve months. ,Ii, ti, '- a '', nocess was 
to compu!e average dry bulb andt wet bulb t)or;n.f t*'a four days
in each month at each of the three 1',JLjr interv ,' '' ir ' '.5 These
data were then condensed to formulate monthly '.1 o t bulb and 
wet bulb temperatures at each of t,. ia,., V. ntorvals. The 
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APPENDIX A (CONT'D)
 

results of this operation are presented in Table A-63. Monthly average temperature
profiles were then developed. All of the readings ikan for a pE-t icular month were 
averaged and the monthly averages were themselves alo averaqed to determine 
a yearly average. Relative humidities and specific humidities ,,,re calculated for 
these averages. This information is presented in T.bUt A-7 ,njuru A-2. 

The two sets of data, i.e., the daily data from :v.-V'- r'n, , records and the 
less extensive data from four and one-half years of records for four days of each 
month, were then compared. This comparison indicatoe theft 'heile, with minor 
variations, the monthly temperatures for the period from Au',is' 1. 1989 through
July 31, 1990 approximate those from January I, 1934 Hi OLJ IhAugust 25, 1988,
there are variations in relative humidity. The reft,c'in e fio i AugaSt 1, 1989 
through July 31, 1990 was generally more humid thlan the .. rm January 1,
1984 through August 25, 1988. Comparisons of dfr, and wet bulb 
temperatures and relative humidity are presented in Ficr a:, A-3 h1,rogah A-5. As
discussed Appendix B the use of meteorologicali data tor a p,,criod which exhibits 
above average relative humidity results in an underestimation of the probable 
power increases which can be obtained with inlet air evaporative coolers. The use 
of meteorological data for the period from August 1939 to July 1990 wvas therefore 
a conservative approach. 

A-2 
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COMPARATIVE DATA: DRY BULB TEMPERATURE 
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BEST \'JLE DOCUIME,,,
 

TABLE A-1 
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)DATE ii DRY BULB TEMPERATURE, CII I WET BULB TEMPERATURE,III C I1 

II 5AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AM 5AM 8AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM IIII (0500) (0800) (1100)II (1400) (1700) (2000) (2300) (0200) [ (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) IIII 
01-Aug-89 II 25.5 26.5 32 36 37 33 30 26 23.5 24.5 27 27.5 27 26 25 24 II02-Aug-89 I1 24.5 26 31.5 33 33.5 31 30 28 23 24.5 26.5 27 27 26 26 26 II03-Aug-89 (I 26 27 32 34 37 33 30 29 25 25 27 28 27 26 25C4-Aug-89 II 25 II26 27 32.5 35.5 36.5 34 32 27 24 25 26 26.5 26 25 24 13 II05-Aug-89 (I 24 25 30.5 32 32.5 30.5 27 26 23 24 25.5 26 26 25.5 24 2306-Aug-89 II 25 28 31 34 36 32 31 28 23.5 24 26.5 2707-Aug-89 i 27 28 32 34 

26 25 24.5 24 II36 33 31 29 25.5 26 27 27.5 28 27 26 2508-Aug-89 II 28 30 35 36 38 34 32 
II 

30 24 25 26 27 28 27 26 2509-Aug-89 (I 24.5 26 31 33 37 jI
33 30 28 23 24 26 27 27.5 26 25.5 25 I110-Aug-89 II 25 28 29 35 36 33 31 27 24.5 25 26 29 26 26 25.5 24 II11-Aug-89 fl 25 25.5 28 35.5 34.5 32 31 28 23 24 25 28 27.5 27 26 24 II12-Aug-89 II 25 26 23 33.5 34.5 31 29 27 23 24 25.5 27.5 27.5 27 2613-Aug-S9 26 27 30.5 32 35.5 32 

25 II 
30 23 24.5 25 26.5 27 27.5 26 25 25 II1.- g-89 H 27 28 31 33 35.5 33 31 30 24.5 25 26 27 27.5 2? 2615-A-89 'F 23 28 34 36 

25 (I
38 33 32 30 24.5 25 26 26.5 27.5 27 27 26((16-Aug-09 H 28 29 3-1.5 36 33 36 33 31 25 26 27 27.5 28 2717-,-S9 228.5 32 35 38.5 33 

26 25.5((
31 30 2730 27 23 28 23.5 27 26.5 25.5 I18-u'.L- 8911 28 30 33 35 38 36 33 30( 25 26 27 23 27.5 27 26 25.51119-,u-89 28 30 34.5 37 3 36 33 ,0 25 20 23 -8 29 28 27 26 H20-A,ug389 i 27 28 35 36 37 33 

A,9 
31 28s 25 26 26.5 27 23 27 2621-Aug- 25 27 33 251I37 365 34 23 27 24 25 26 28 28 27 2622-Au,,gj 89 26 29.5 3.1 251137 36.5 34 28 27 24 26.5 28 28 29 27 26 25 II23-Aug-09 I 26.5 27.5 32 36 37 32 29 28 25 25.5 26 26.5 27 27 26 26 II24-Aug-89 I 27.5 28 33.5 34 35 33 29 27 26.5 26.5 27 28 28.5 27.5 2625-Aug-89 I 26.5 28.5 25 (i34 36.5 37 32.5 31 29 24 26.5 27 28 28.5 28.5 26 25 II26-Aug-89 II 28 305 34 35 36 30 28 27 25.5 27.5 28 28.527-Aug-89 II 26 28 34 35 36 

28 27 25.5 25 II
30 28 27 24 26 27 27.5 2828-Aug-89 II 22 24.5 27.5 29 32.5 

27 26 25 II
30 28 27 19 21.5 23 25 27 26 25.5 2529-Aug-89 II 26 28 30 31.5 34 31 28 27 24.5 26 26 27 28 2630-Aug-89 II 26 28 31 25.5 2!I32 33 30 28 27 24 25.5 26.5 27. . 31-Aug-89 !1 26 27.5 30.5 32 

26 25.5 25 25 II34 31 29 28 25 26.5 27 27.5 26.5 26 25 24 II 



BEST ..... 
TABLE A-1 ...... ..... ",....ri 

TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
DATE II DRY BULB TEMPERATURE, CII WET BULB TEMPERATURE, C II 

I1
 
5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM 5 AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM IIII (0500) (0800) (1100) (1400) (1700) (2000) (2300) (02001 (0500) (0800) (1100) (1400)II (1700) (2000) (2300) (0200)IIII 

01-Sep-89 [I 24.5 26.5 30 32 28.5 27 26 25 23 25 26 25 24 24 23 23 II02-Sep-89 II 24.5 26 32 34 34 34 30.5 26 23 24 22 25 27.5 25.5 25 24.5 II03-Sep-89 II 25 28 33 34 36 33 29 27 24 25 25 26 23 27 25 24 II04-Sep-89 I! 24 26 33 36 36 34.5 34.5 29.5 23 22 25 26 25 25.5 25 24 II05-Sep-89 II 27 29 31 36.5 37 34 31 29 23 24 27 26.5 27 25 24.5 24 II06-Sep-89 II 24 25 31.5 36 37 34 29 27 23 24 26 25.5 26 26 25 25 II07-Sep-89 II 24 25 31 34 34 34 29.5 27 23 24 26 27 27.5 26 25.5 25 1108-Sep-89 H 25 27 33 34.5 36 34 32 28 24 25 2- 26.5 28 27 26 25 II09-Sep-89 II 25 26 31 33 35 33 30 26 23 23 .5 25.5 26 25 24 23 IJ10-Sep-89 II 25 26 30 33 36 3-1 30 26 22 23 24 24.5 25 24 23 23 II11-Sep-89 I 24 25 32 35 36 34 30 28 22 23 24.5 25 26 25 24 23 II12-Sep-89 H 26 28 31 35 37 34 31 28 22 23 25 26 25 24 23 2213-S-p-3 V' 24 26 29 34 35 33 30 23 21 22 25 26 25.5 25 24 23
1.-S- H 26 27 30 3- 34.5 2. 26 25 22 24 23 23 23.5 23 23 2215-.-.p-89 2-1 25.5 33 35 36 3 27 25 21 22.5 23 24.5 24 23 23 2216-S.p-33 V 24 26 3.1 36 35 30 23 2C. 19 21 23 23 24 24 25 2.117-Sop-3, "3 28 32 35 35 3 29 27 22 23 23.5 25 26 26.51 8 25 24-S- 2.1.5 27.5 32 37 37 32 31 21 23 24 26 26 26 25 24 2319-S. tp3 26 28 33 36 32 23 26 22 23 24 25 26.5 25 24 2320-S,-p3 ! 25 27 29 32 341 31 23 26 22 23 24 25.5 26 25 24 2321-S-p--.3 25 27 30 32.5 36.5 31 29 27 22 23 24 25 25.5 25 24 23 
22-Sep-8) 26 30 33 35 36.5 32 30 28 22 23 24 25.5 24.5 25 24 2323-Sep-89 26 29 33 35 36 31 28 27 22 24 26 26 25 23.5 23 2124-Sep-89 26 28 31.5 33 34 32 28 26 17 18 19 23 18 19 23 22.525-Sep-89 23.5 25 30 32 32 30 28 25 22 23 24 23 24 23 22 2126-Sep-89 21 25 29 35 34 31 29 26 20.5 21 22 22 23 22 22.5 2127-Sep-89 21 24 33 35 34 29 24 22 19 21 21.5 22.5 23.5 21 20.5 2028-Sep-89 21 26 35 35.5 36.5 34 28 25 19 20 22.5 22.5 22 21 19 1829-Sep-89 22 24 34 36.5 37.5 29 27 25 17 19 22 23 25.5 22 21 2030-Sep-89 21 24 32 35.5 37.5 30 28 23 19.5 21 23 23 21 20.5 19.5 18.5 



TABLE A-1 BEST AVAILABLE DOCUNIENIT 
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)DATE II DRY BULB TEMPERATURE, CII " WET BULB TEMPERATURE, C II 

II 5 AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PM 2 AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PMJ1 (0500) (0800) (1100) (1400) (1700) 2 AM IIII (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) II11
 
01-Oct-89 )j 21 23 34 37 36 32 30 28 18 19 21 21 20.5 19 1802-Oct-89 ii 21 23.5 17 II32 34.5 35 29 25 23 17 20 22 22.5 23 22 21 2003-Oct-89 II 22.5 24 33 35.5 36 I

31.5 27 24 20 21 24 25 25 22.5 22.5 22 II04-Oct-89 I! 23 25.5 32 36 37 29 27 25 22 23 24 24 2505-Oct-89 II 24 28 29 34 
23 21.5 21 ]]

34.5 28.5 27.5 25.5 22.5 23 24 25 25 25 2406-Oct-89 II 23 24 25 33 23.5 II36 30 27.5 25 22 23 24 25 26 25 24 22 II07-Oct-89 II 21 25 32 36 37 33 26 23.5 20 22 24 25 26 25 2208-Oct-89 II 21 20.5 i25 33 35 36.5 33 30 27 19 20 23 25 25.5 25 2409-Oct-89 21 23 34 37 22 II36 33 31 27 20 21 23 22 21 20 1910-Oct-89 II 20.5 22 35 18fl36 35 32 25 23 18 21.5 22 23 22 21 19.5 19 Ii11-Oct-89 II 20 23 32 35 36.5 33 25 23 18.5 20.5 22 21 20 19.5 19 18i12-Oct-89 21 23.5 28 32 33 28 26 24 18.5 21.5 24 22 21 20 19 19 I!13-Oct-89 U 21.5 23 29 32 33 30 26 20 18 20 21 20.5 20 19.514-Oct-89 H 19 22 28 32 18.5 17.536.5 27 22 20 17 20.5 22 23 20 19.5 1915-C-89 H 19 19.5 31 32 17))
34 30 25.5 23 16 18 20 2116-Oct-89 H 17.5 22 30 32 

22 20 18.5 17 II33 28 25 21 15.5 18 20 21 20 19.5 18 17 II17-Oct-89 II 19 23 30 33 35 22 26 22 1 18 19 20 21 2018-Oct-89 19 19 17 1122 30 33 
 35 3"2 2?.5 26 16 17 20 19 18 17.5 1719-.Ct-89 II 17.5 20 29 32 16 H
33 20 23 18 15 17 20 2020-Oct-89 H 16 18 28 

19 18 17 15.5 H
31 32 29 
 27.5 29 14 15.5 18 20 21 20
21-Oct-89 II 20 22 30 32 

18 17 H
33 25.5 22 20 16 
 18 20 20
22-Oct-89 fl 19 20 30 

20 21 19 18.5 II

32 33 30 
 23 20 18 
 19 20 20 
 19 18 17 16 I)
23-Oct-89 II 18 20 31 
 34 35 33 30 20 
 15 17 20 
 21 20 20
24-Oct-89 j 18.5 21.5 31.5 33 19 1834 24 21 19 16 18 20.5 20 20 19 1825-Oct-89 )I 17.5 16 II20 30 33 
 33 30 25 
 22 15.5 18 19 20 
 20 19 18
26-Oct-89 II 17.5 21 30 32 33 30 25 

17 I 
23 15.5 18 20 20 20 19 1827-Oct-89 II 17 19.5 30 32 33 17 II

28 23 20 15.5 16.5 19 20 20 18 17 16 jj28-Oct-89 II 17.5 17 37 30 31.5 23 20 18 15.5 15 18 19 19.5 18 16 15.5 II29-Oct-89 )) 16 20 28 31 30.5 23 20 18 15 15.5 18.5 17.5 18.5 17.5 16.530-Oct-89 16 19 30 32 32 24 
16 II 

20 18 15 15.5 18 19 18.5 17.5'-31-OCt-89 ) 16.5 20 30 30.5 31 16 1511
29 25 20 15.5 17.5 18 19 18 17 16 15.5 II 



TABLE A-i 'AILA LE , -
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)DATE II11 DRY BULB TEMPERATURE, C WET BULB TEMPERATURE, C II
 

II 5AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM 5 AM 8 AM 11 AM 2 PM 5PM 8 PM 11 PM 2AM III1 (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000)II (2300) (0200)II 
I


01-Nov-89 II 16.5 21.5 30 32 33 22 20 18 15 16 18.5 19 1802-Nov-89 II 17 19 27 29 31 23 
17 16 15.5 II

20 19 14.5 14.5 18.5 18 20 19 1803-Nov-89 jJ 18 20 28 30 16.5 II29 24 22 20 15.5 16 17 18 21 19 18 1704-Nov-89 II 18 20 28 29 29 22.5 20 18 16 17 19 18 17.5 17.5 18 15 II05-Nov-89 II 17 17 23.5 27 28 23 18 16 14.5 15 18 17 17 16.5 1606-Nov-89 II 14 15 23 14
26 26 20.5 18 16 12 13 17 17 16.5 16.5 1607-Nov-89 II 15 16 24 26 27 

14 II
21 19 15 
 13 14 17 16 16.5 16 15 13 II08-Nov-89 II 13 16 25.5 27 28.5 20.5 18 16 12.5 13 18 17 17.5 16.5 16 13 II09-Nov-89 II 14 16 24 27 29.5 23 18 
 16 12.5 13.5 13 14 18 16 15
10-Nov-89 II 15 16.5 25.5 30 30.5 

14 II
25.5 20.5 18 13 13 17.5 18 18.511-Nov-89 II 15.5 16 25 17 15.5 14 Ii28 28.5 23 21 17 13 14 18 19 18.5 17 15.5 14 II12-Nov-89 H 15 17 25 28 28 23 
 20 16 13 15 19 
 20 18 17 
 16 13
13-Nv-89 I 14 18 24.5 28 27.5 22.5 19 15 12 15 18.5 18.5 18.5 16.5 14 12 II14-N v-89 H 17 19 25.5 23.5 23 20 18 17 15 16 18.5 18 18.5 17 16 15 I15-Nov-89 i 15 17 27.5 30 30 22 13 17 13 14 19.5 19.5 20 18.5 16 5.5 II16-Nov-89 Ii 16.5 18.5 27 29 23 25 19 18 15 15.5 19 19 18.5 1717-Nov-89 (1 15 16 28 29 23 23 

15 14.5 
19 18 13 
 14 19 18 
 19 19 17 
 16
18-Nov-89 
 17 19 26.5 28.5 l0 22 20 18 15 
 16 19 20.5
19-Nov-89 17 23 19 16.5 1620 24.5 26.5 27 21 19 16.5 15 17 18 19 1.5 17.5 1620-Nov-89 15 19 25 28 

14
26.5 22.5 18 
 16 13 15 
 16 17 19.5 18 16
21-Nov-89 i15 1417 24 28 27.5 22 20 1i 13 15 19 20 19.5 19 18 1622-Nov-39 
 16 
 18 23 26.5 26 22 20 18 14 
 15 18.5 20 19 18 17
23-Nov-89 i1 16.518 21 22.5 21 16.5 15 14.5 14 15 16.5 17.5 17 15.5 14.5 1324-Nov-89 14 15 18 19 18 16 15 14.5 12 13 15 16 15 14.5 1425-Nov-89 14 13.515 21 23.5 22.5 20 18 16 13 14 18 18 18 17 16 1426-Nov-89 11 15 16 20.5 23 23 19 17 15 
 14 15 17.5 17.5 18 17
27-Nov-89 12 15 22 14 13 II25 25.5 18 16 14 11 13 17.5 18.5 18.5 15 13.528-Nov-89 I 13 15 22 23 26 - 18 

12.5 II
15 14 12 13 18 18 18 16 1429-Nov-89 13I! 13 15 21 24.5 24 18 15 14 12 13 16.5 17 16 :5 14 13 II3G-Nov-89 fj 13 15 22 25 26 23 15 13 12 13 16 17 16 15.5 14 12 II 



TABLE A-1 

DATE IIII 
TEMPERATURE 

DRY BULB TEMPERATURE. C 
DATA (ROHRI METEOROLOGICAL STATION) 

WET BULB TEMPERATURE. C II 
5ISAM 

11 (0500) 
II 

8 AM 
(0800) 

11 AM 
(1100) 

2 PM 
(1400) 

5 PM 
(1700) 

8 PM 
(2000) 

11 PM 
(2300) 

2AM 
(0200) 

5 AM 
(0500) 

8 AM 
(0800) 

11 AM 
(1100) 

2PM 
(1400) 

5 PM 
(1700) 

8 PM 
(2000) 

11 PM 
(2300) 

2 AM II 
(0200)II 

01-Dec-89 

02-Dec-8903-Dec-89 

04-Dec-89 

05-Dec-89 
06-Dec-89 
07-Dec-89 

08-Dec-89 
09-Dec-89 
10-Dec-89 

11-Dec-89 

12-Dec-89 
13-Dec-89 

14-Dec-89 
15-Dec-89 
16-Dec-89 
17-Dec-89 

18-Dec-89 
19-Dec-89 
20-Dec-89 

21-Dec-89 

22-Dec-89 

23-Dec-89 

24-Dec-89 

25-Dec-89 

26-Dec-89 

27-Dec-89 

28-Dec-89 
29-Dec-89 
30-Dec-89 
31-Dec-89 

IIII 

II 
II 
II 
II 
I1 
[I 

II 
fj 

H 
II 
fl 
II 
ii 
U 

II 
If 
ff 
fI 
H 

H 

112 

12512 

11 
12 
12 

12.5 

12.5 
i-

13 

12 
12 

12.5 

12 
12 
13 
12 

14 
11 

9 
10 

11 

12 

10 

10 

8 

10 

7 
8 
9 
8 

13 

1313 

12 

13.5 

14 
13 

14.5 
13.5 
14 

13 
13.5 

13 

12 
13 
13 
13 

15 
12 

9 
11 

12 

13 

11 

11 

7 

9 

7 
9 

10 
7 

20 

2020 

22 

22 

23 
17 

17 
18 
19 

18 
18 
19 

18 
18.5 

15 
17.5 

18 
13.5 

12 
14 

16 

18 

16.5 

16 

11 

16 

15.5 
16.5 

15 
16 

23 

2223 

24 

27 
26 
23 

25 
21.5 
21 

21.5 
22 
23 

21 
21 
21 
21 

21 
13.5 

14 
17 

18 

19 

18.5 

19 

17 

18 

18 
17.5 

18 
19 

23 

2223.5 

25 
27 
27 
24 

26 
22 
21 

22 
22 
22 

22 
22 
22 

22.5 

21 
14 
17 
16 

18.5 

19 

19 

19 

19 

19 

19 
18.5 

19 
17.5 

20 

17.521 

22 

25 
18 
19 

19.5 
17 
16 

16.5 
17.5 
16.5 

17 
16.5 

17 
17 

18 
12.5 
15 

14 

15 

15 

15 

15 

16 

12.5 

14 
14 

12.5 
13.5 

16 

1616 

14 

19 
17 
17 

17 
14 
15 

15 
16 
15 

15 

141 

14.4 
15,r 

15.5 
12 
13 

13 

14 

14 

14 

14 

14 

12 

11.5 
11 
11 
10 

14 

1413 

13 

16 
14 
14 

14 
13 
14 

14 
15 
13 

13.5 
13.5 

13 
14 

14 

11 
11 

12 

13 

12 

12 

13 

12 

11 

10 
10 
10 
9 

11 

1111 

10 
11 
11 
11 

11 
12.5 

11 

10 
11 

11.5 

11 
.11 

11 
11 

12 
10 
8 

9 

10 

11 

9 

9 

7 

8 

6 
7.5 

8 
7 

11.5 

11.511.5 

11.5 

12 
12 
11 

12 
12.5 
12 

11 
12.5 

12 

11 
11.5 
11.5 
11.5 

12.5 
11 
8 

10 

11 

12 

10 

10 

6 

7 

6 
7.5 

9 
6 

15 

1414 

15 

14 
14 
14 

14 
14 
16 

15 
15.5 

16 

13 
14.5 

13 
14 

14 
13 
11 

13 

12 

14 

12.5 

13 

9 

12 

11.5 
12 
12 
12 

15 

1515 

16 
16 
15 
15 

16 
16 
17 

17.5 
17.5 

16 

15 
15 
15 
14 

15 
13 
12 

14 

14 

14.5 

13 

13 

11 

12 

11.5 
12 

12.5 
14 

15 

1515 

16 
16 
16 
15 

17 
16 
18 

17.5 
17.5 

16 

15 
15.5 
15.5 

15 

14 
13 
15 

14 

15 

15 

15 

12 

12 

12 

13 
12.5 

13 
14 

14 

1414 

15 
14 

13.5 
13.5 

15 
14 
15 

15.5 
15 
15 

14.5 
13.5 
14.5 
14.5 

15 
11 
14 

13 

14 

13 

13 

11 

11 

11 

11 
12 
11 
12 

14 

1313 

12.5 

13 
12 
12 

13.5 

13.5 
13 

14 
14 
13 

13 
12 
13 
13 

14 
11 
12 

12 

13 

13 

12 

11 

10 

11 

10 
10 
10 
9 

II 
13 II 
121111 I 

11 II 
1311 

6.5 II 
11 II 
12 II 
12 II 
12 II 
12 II 
13 If 

12.5 

11.5 H 
11.5 

12 
12 

12 
10 
10 

11 If 
12 II 
10 II 
11 II 
10 II 
9ff 

10 II 
9 ff 
9 II 
9 II 
811 



TABLE A-1 

DATE II 
TEMPERATURE 

DRY BULB TEMPERATURE, C 
DATA (ROHRI METEOROLOGICAL STATION) 

WET BULB TEMPERATURE, C I 
II 5 AM 
II (0500)
I1 

8 AM 
(0800) 

11 AM 
(1100) 

2 PM 
(1400) 

5 PM 
(1700) 

3 PM 
(2000) 

11 Prl 
(2300) 

2AM 
(0200) 

5 AM 
(0500) 

8 AM 
(0800) 

11 AM 
(1100) 

2 PM 
(1400) 

5 PM 
(1700) 

8 PM 
(2000) 

11 PM
(2300) 

2AM 
(0290) 

IIII
II 
I 

01-Jan-90 II 
02-Jan-90 I 
03-J- n-90 U 
04-Jan-90 I 
05-Jan-90 )J 
06-Jan-90 II 
07-Jan-90 II 
08-Jan-90 I[ 
09-Jan-90 U 
10-Jan-90 II 
1-Jan-90 I 
12-Jan-90 II 
13-Jan-90 U 
14-Jan-90 U 
15-2'n-90 [( 
16Jar.OC-
17-Jan-90 

1-Jan-90 U 
19-J-n-C0 
23-Jan.90 U 
21-Jan-9-0j 
22-Jan-S0 [ 

23-Jan-90 fl 
24-Jan-S0 I 
25-Jan-90 U 
25-Jan-Go II 
27-Jan-go U 
28-Jan-90 

29-Jan-90 

30-Jan-.0) 
31-Jan-go U 

8 
9.8 

9.5 
9 

9 

11 

11 

8 

10 

10 

10 

10 

14 

9 

11 
13 
1. 

12.5 
12 

13 

15 
15 

15 

13 

13 
14 

14 

11 

8 

10 
10 

9 
10 

10 
10 

10 

11 

11 

9 

11 

11 

10 

12 

15 

10 

12 
15 
15 

13 
13 

13 

16 
16 

16 
14 

13.5 
15 

15 

12 

9 

11 
11 

17 
16.5 

15.5 
14 

15 

13.5 

15 

15.5 

17 

18 

19 

20 

20 

15 

20 
20 
19 

18 
17.5 

22 
23 
20 

20 

23 
22.5 
20.5 

17.5 

14 

14 

18 
19 

21 19 
18 21 

17 18 
16 17.5 

18 19 

17 18 

18.5 19 

19 19 

20.5 20.5 
20 21 

22.5 24 

22.5 24.5 

23 25 
24 23 

24 25 
21 26 

24 23 
19 21 

21.5 22 
1.< 2.5 

24.5 2-1 

23.5 23.5 
24.5 26 

26 26.5 
25 26 
23 28 

20.5 20 

19 18 
19.5 20 

19 20 
21 20.5 

14 
18 

14 
14 

15 

15 

15 

15 

16 

15 

21 

19 

13 

16.5 

19 
20 
18 

15.5 
17.5 

20 

20 

19 

22 

20 
20 
25 

15 

14 

16 

17 
15 

11 
15 

12 
12 

14 

13 

12 

14 

15 

12.5 

18 

15.5 

14 

14.5 

17 
17 

15.5 

1-1 

1.5 

13 

17 

16 

18 

16 
16 

20.5 

13 

12 

13 

15 
13.5 

10 
11 

11 
11 

12 

12 

11 

13 

13 

11 

15 

15 

12 

11 

14 
15 
13 

13 
1.1 

16.5 

15 

15 

16 

14 
15 
18i 

12 

10 

11 

12 
11 

7 
9 

9 
8 

8 

10.5 

10 

8.5 

9 

9 

9.5 

8 

12.5 

8 

10 
10 

12.5 

11 
11.5 

12 

14 

14;.5 

14 

11 
11 
12 
12 

9 

7 
8 
8 

8 
9 

9 
9 

9 

10.5 

9 

8.5 

10 

10 

9 

10 

13 

9 

10 
11 
13 

11 5 
12 

12 

15 

15 

15 

12 
12 
13 
13 
9 

7.5 
8 
8 

12 
11 

12 
12 

11 

12.5 

13.5 

12.5 

15 

15 

16 

16 

17 

12 

13 
13 

14.5 

14 
14 

16 

17 
16 

16 

17 
17.5 

16 
13 

10 

8.5 

11 
12 

14.5 
12 

13 
13 

12 

14 

14.4 

15 

15.5 

16 

16.5 

18 

13 

15 

15 
15 

15 

15 
16.5 

17 

17 
17 

17 

18 
18 
17 
14 

10 

11 
13 
11 

14 
13 

14 
13 

13 

14 

14 

14.5 

16 

16.5 

18 

18.5 

18 

14 

16 
16 
16 

16 
16.5 

18 

16 
17 
17 

18.5 
18 

20.5 
12.5 

11 

12 

12 
12 

12 
12 

12 
12 

12 

13 

13 

14 

14 

14 

15 

16 

15 

13.5 

16 
16 
14 

14 
15.5 

12 

15 
16 

17 

16 
17 
18 
11 

10 

11 

11 
15 

10 
11 

10 
10 

11.5 

11 

11.5 

13 

13 

11 

14 

14 

13 

13 

14 
14 
13 

13.5 
15 

16 
14.5 

15 

3 

15 
15 
15 
10 

10 

10 

10 
13.5 

9 II 
10 

9 II 
9 II 

11 If 
11 

10 II 
11 II 
11 II 
10 II 
12 II 
12 iI 
11 U 
10 U 
13 ] 
13 II 
12 I 
12 ;1 
13 

15 

145 
14 

14 

13 
13 
15 
10 

8.5 U 
9 II 
9ff 

10 II 



TABLE A- I 'IT. 
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)DRY BULB TEMPERATURE. CDATE II WET BULB TEMPERATURE, C IIII 

II 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AM 5AM 8AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM III (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) (0500)II (0800) (1100) (1400) (1700) (2000) (2300) (0200) IIII 
01-Feb-90 II 9 10 18.5 20 21.5 15 11 9 6 6.5 11.5 12 6.5 11 9 8 II02-Feb-90 (I 8 11.5 18 20.5 21.5 18 15 11 7 8.5 12 13.5 8.5 12 11 10 II03-Feb-90 II 10 10 20 24 24.5 18 15 12 9 9 12 14 9 12 11 10 I04-Feo-90 II 10 10.5 i9 24.5 25 19 15 12 9 
 9.5 13.5 14 9.5 12 11 
 10 II05-Feb-90 (I 10 13 20.5 24.5 25 20 16 
 15 9 10 14.5 16 10 15 13 13 II06-Feb-g0 I1 15 15.5 20 20.5 21 
 19 17.3 16.5 12.5 
 13 14.5 15.5 13 16 15 14 II07-Feb-90 II 14 14.5 19 21 23 19 17 16 12 12.5 14.5 15 12.5 16 
 15 13.5 II08-Feb-90 II 12 13.5 18 21.5 23 18 17 16 
 11 13.5 15.5 17 
 12 16 15.5 14.5 II09-Feb-90 13 15 19.5 22 23 18.5 16.5 15 12 12 16 17 13.5 16.5 14.5 13 I10-Feb-90 13 15.5 19.5 22 23 18 15.5 15.5 12 13 15.5 17.5 13 16 15.5 13.5 II11-Feb-90 13 14.5 16.5 17 16.5 15 14 13 12 13.5 10.5 14.5 13.5 14.5 13 12.5 I)12-Feb-90 12.5 13.5 11.5 12 12 12 12 11 12 13.5 11 11 13 11 10.5 10 H13-Feb-90 10 10.5 12 15 18 15 
 12 11 9 
 9 10 13 9 12 11 10 (I14-Feb-g0 10 11 15 20 21 15 
 13 11 9 10 13 15 
 10 14 12 10.5 (I15-Fob-90 10 
 12 i5 20.5 21 16 1, 12 9 11 12 
 14 11 13 12 11 I
16-Feb-90 10 12 6 18 23 20 
 15 13 9 10 
 12 13 10 
 12 12 10.5
17-Feb-90 11 12 
 15 12.5 16 
 13 11 10.5 10 10 13 14 
 10 12 10 9.5 fl18-Feb-90 10 11 16 
 20 20.5 16 14 13 9 
 10 13 14 10 
 13 12 11.5
19-Feb-90 12 13 
 16 20 22 13 15 13 11 12 13 
 14 12 14 13 
 11
20-Feb-90 I 11 12 18 23 24 20 16 Ili 10 11 13 15 11 15 14 12
21-F1b-90 H 12 15 21.5 22 25 21 18 
 1- 11 13 
 16 17 13.5 16 15 11
22-Feb-90 i 15 16 
 20 23 26 21 18 15 
 13 13 15 17 
 13 18 16
23-Feb-90 II 14 15 20 24 

14 
27 22 18 13 12 13 
 15 16 13 16 
 15 12
24-Feb-90 I' 13 14 17.5 21.5 23 20 
 18 13 12 12.5 15 18 12.5 
 17 16 12
25-Feb-90 I) 13 14 18 20 21 18 16 14 12 12.5 14 16 12.5 16 
 15 12.5
26-Feb-90 II 13.5 13.5 18 
 20 21 18 15 13 11 
 12 14 16 12 
 16 14 12
27-Feb-90 II 11 11.5 17 21 23 20 
 16 13 10 
 10 14 14.5 7.9 15 14 12
28-Feb-O H 10.5 11 15 
 18 19 16 
 13 11 9.5 10 12 14 
 9 13 11 10.5
 



TABLE A-iI ST AXT/A L/D - .. 
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)DATE II DRY BULB TEMPERATURE. CII WET BULB TEMPERATURE, C II

II 
S 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AM IIII (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) (0500) (0800) (1100)II (1400) (1700) (2000) (2300) (0200) IIII 

01-Mar-90 10 11 18.5 21 21 17 13.5 12 9 10 13 14 13 14 13 11.5 jj02-Mar-90 I1 9.5 11 
 20 23 24 17.5 15 13 9 10 13 15 15 15 1403-M:;r-90 II 12 13 20 24 25 
131I 

19 16 14 
 10 11 15 16 15 16 14 
 13
04-Mar-90 12 13 
 21 24 25 21.5 16.5 14 11 12 16 16 15 16 15 
 13 II
05-Mar-90 12.5 
 14 21 24.5 25 20.5 16 
 14 11.5 12 15 15.5 16 15.5 15.5 13.5 tl
06-Mar-90 12 
 16 25 27 
 28 22 16 14 11 13 
 16 14.5 15 14.5 15 14 II07-M2r-90 11 13.5 26 28.5 28.5 22 17.5 
 14 10 12 15.5 16.5 16.5 16.5 
 16 14.5 II08-Mar-90 13 17.5 26 30.5 30 22.5 19 17 11 13 17 18 17.5 18 18 16 II09-Mar-90 16 18 27.5 32 31 24 20 18 13 14 19.5 20 19 20 18 16.5 !110-Miar-90 16.5 19 24.5 31 31 25.5 21 18 15 16 18 17 16.5 17 16 1511-Mar-90 16 16 20.5 25 26 21 19 17.5 14 14 15.5 18 17 18 16.5 15.512-Mar-90 U 15 17 23.5 26 27 22 19 17 13 13 16.5 16 17 16 16 1513-Mar-C0 II 14 16 26 29 30.5 25 20 20 13 1.1 17 17.5 20 17.5 19 1814-Mar-90 I 16 18 26 29 33 28 25 23 15 16 17 18 20 18 19 18.515-Mar-90 U 19 20 28 32 3.1 30 23 23 17 18 20 22 24 22 22 2116-Mar-90 II 20 21 25 28 31 25 20 18 18 19 20 21 22 21 20 1717-Mar-90 I 17 19 26.5 29 32 27 23 20 14 15 20 21 22 21 21 1918-Mar-00 II 17 19 24 28 30 25 22 20 14 16 18 19 20 19 20II 19 20 25 29 31 26 
1910-liar-CO 25 22 17 18 21 23 24 23 20 1820-Mar-20 H 20 21 25 28 28 23.5 22 21 16 17 18.5 21 20 21 21.521-Mar-90 U 20 21 25.5 28.5 28.5 20.5 13&5 16 18 
20 

18 20.5 21.5 20.5 21.5 15.5 1222-Mar-90 i15 16 20 25 23 20 17 14 10 10 13 15 13 15 12 
 10 U23-Mar-90 12 13 21 25 25 23 18 15 8 9 12 14 1'± 14 13 1124-Mar-90 
 11 13 24.5 28 28.5 21 19 15 10 
 11 15.5 17 18 17 16 
 14 II
25-Mar-90 11 13 24 27 28 
 20.5 19 14 
 9 10 16 17.5 18.5 17.5 16 14 II2'6-Mar-90 17 17 20.5 23 23 19.5 18 16 14 14 16 16.5 17 16.5 15.5 15 II27-Mar-90 15 16 
 23 25 25.5 21 19 15 
 14 15 17 17.5 18 17 17.5 
 15
28-Mar-90 
 14 15 22.5 26.5 25 21 
 17 15 13 14 18.5 16 19 18.5 16 16 
I!
29-Mar-90 
 14 15 21 25.5 24.5 20.5 18 15 13 
 14 18.5 19 19 18.5 19 17 H30-Mar-90 II 14 15.5 
 23.5. 25.5 26 
 23 18 16 
 13 14 20 19 20 20 
_ 31-Mar-90 II 15 16.5 22 265 
19 17

21 22 17 15 13 15 20 19 19.5 20 19 16 I1 



TABLE A-1 " AIILAl3L[ L". 

DATE 
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)II DRY BULB TEMPERATURE. Cii WET BULB TEMPERATURE, C IIII 

5AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM IIII (0500) (0800) (1100) (1400)II 1700) (2000) (2300) i0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) IIII 
01-Apr-90 13 15.5 24 27.5 28 24 21 20 12 13 18.5 20 19.5 19 18 17 I02-Apr-90 II 20.5 21 27.5 30 30 25 21 18 17.5 18 19 20 20 19 18 1603-Apr-90 II 16.5 19 29 32.5 33 27 22 20 15 17 21 22 20.5 19 18 16 I104-.'%pr-90 II 17 21.5 31 33 35 30 25 20 15 17 20 21 22 20 18 16 II05-Apr-90 I1 17 18 30 36 38 31 20 19.5 15 16 24 25 26 23 18 17 II06-Apr-90II 19 20 30 35 38 31 28 25 16 17 20 22 24 22 19 171107-Apr-90 II 18 20 25 27 29 26 23 21 16 17 20 21 22 21.5 18.5 17.5 II08-Apr-90 II 20 21 27.5 30 33 30 25 23 17 18 21.5 23 25 24 22 20 II09-Apr-90 II 21 22 32 35 37 28 25.5 24 18 20 22 23 24 20 18.5 19.5 II10-Apr-90 21.5 22 31 35.5 37.5 33 29 25 17.5 18 20.5 20.5 21 20.5 20 1811-Apr-90 II 20 22 26.5 31 33 29 25 23 16 17 19 19.5 20 19.5 19 1812-Apr-90 21 23 29 31 32.5 29 26 21 17 18 21 21.5 21 20 18 17 
13-Anr-90 18 21.5 29 31 33 3014-Acr-90 19 21 33.5 

24 20 15 17.5 19 20 23 22 21 183,1.5 35 30 25 22 15 
 17 19.5 20.5 19 18 17 16
15-Apr-90 20.5 22.5 30 32 34 32 28 26.5 15.5 16.5 18 20 21 20 18 17.516-Apr-90 25.5 26 33 35 35 32 28 23 16.5 20 22 24 22.5 21.5 20 1917-Apr-90 21 23 29.5 31.5 33 30 26 25 18 19 21 2318-Apr-90 23 21 20 19 18.525 34 36 38.5 33 30 25 18 20 24 24 24 23 22 2119-Apr-C92 23 25 35 33 40 36 31 28 20 21 23 24 22 21 20 1920-Apr-90 25 26 33 33 29 37 30 23 18 19 21 23 23.5 22 21 2021-Apr-90 25 28 33 30 33 32 29 25 18 20 22 24 23 22 20 1822-Apr-90 22.5 25.5 31 36 37 30 27 25 17 18 22 24 23 22 21 2023-Apr-90 II 24 28 35 38 39 31 28 26 18.5 22 24 25 26 23 22 2024-Apr-90 iI 23 25.5 35.5 40 41 32 28.5 26.5 18 21.5 25.5 
I 

25 29 24.5 22.5 20.5 II25-Apr-90 25 32 36 40 42 33 30 28 20 21.5 27 26 26 24.5 22.5 20.5 II26-Apr-90 27 28 34 38 40 31 30 29 22 23 23 22 22 20 18 18(127-Apr-S0 II 25 27.5 34 38.5 39 31 29 27 20 21 21 20 20 18 17.5 17 1128-Apr-0 J II 2 23 36 39 41 31.5 29.5 27.5 17 17.5 21 21 22 21 20 19.5 ]129-Apr-90 I 26 3i 39 40 40 32.5 30 26 19.5 20 22 22 22 22 21 20 I30-Apr-9011 24 29 355 40 -11 37 33 30 19 23 22.5 24 26 25 23 221 



~FTAVA1LA2,LE DOeCUIiiEfJ
 
TABLE A-i 

TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)DATE DRY BULB TEMPERATURE. C WET BULB TEMPERATURE, C 

5 AM 8AM 11 AM 2PM 5PM 8 PM 11 PM 2 AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AMII (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) (0500)II (0800) (1100) (1400) (1700) (2000) (2300) (0200)' '
 
01-May-90 II 27 28 33 36 38 32 30.5 27 21.5 23 25 27 28 26 25.5 24.502-May-90 II 24.5 26 32 34.5 35.5 34 30 26 21 22 23 24 24.5 23 22 2103-May-90 II 24 26 35 37 38 32 29 26 20 21 25 26 26 24 22 2104-May-90 II 24 28 36 39.5 40.5 34.5 30.5 27 20 21 24.5 27.5 26 26.5 25 2405-May-90 II 26 28 35 38 39 35 30.5 28 23 25 26 28 27 24 23
06-May-90 II 27.5 23


28 34 36.5 37 35 31 29 23.5 24.5 24 26.5 27 2607-May-90 II 25 23.527 28 33.5 37.5 38.5 33.5 31 28 22 23.5 26 27 28 25.5 25 2408-May-90 II 26 29 34.5 38 39 34 30 29 23 24 25.5 26 26 24 24 2309-May-90 II 27 30 36 40.5 42 34.5 31 29 22 23 24 24.5 25 24.5 23.5 22.510-May-90 I 27 29 38 42 44 37.5 35 31 22 23 24 25 26 24 23
11-May-90 II 29 32 22.5

38 42 43 33.5 32 31 22 23 25.5 26.5 26.5 24.5 23.5 22.512-May-90 30 31 38 42 42.5 36 33 30 22 23 25 25 25 24 23.5 2313-May-90 28 30 40 43 44 41 38 32 22.5 25 25.5 26 26 25 24 23.514-My-90 30 31 38.5 42 41 35.5 33 31 23 24 27 28 28 24.5 24 23.5 (I15-May-90 30 31 34 38 41 38.5 34 31 23 24 25 26 27 26 25 24 II16-May-90 27 28.5 38 44 44 36 34 32.5 23 25.5 23 23 23 21 20.5 20 II17-May-S0 23.5 30 36 39 41 37 34 32 25 25 24 24 23 22 21.5 21 II13-May-90 26 28 36 39 40 36 31 28 22.5 23.5 23 23 23 22.5 21.5 20.519-May-90 26 29 37.5 41 42 35 33 29 20 21 22 22 22 22 22 21.5 I20-May-90 27 27.5 35 38 41 35 32 27 20 22 24 24 24 23 24 24 I21-May-90 25 26.5 34 40 41 34.5 33.5 29 24 25 25 26 26 24 24 23 I22-May-90 I) 25 27 36 41 42 36 33.5 28 22.5 23 25 26 26 25 23.5 23 I23-May-90 26 28 38 43 43 34.5 31.5 28 22 23 24 23 23 24.5 23.5 23 ii24-May-90 II 25 28 36 42 43 34 32.5 28.5 22 23 24 23 23 25 24.5 21.5 H25-May-90 II 25.5 27.5 35 40 42 33 32 28 24 25 24 25 25 26.5 26 24 II26-May-90 II 25 27.5 35 40 42 30 28.5 25 24.5 25 25 26 27 27.5 27 2427-May-90 II 27 28 36 41 43 36 34 31 25.5 26.5 21.5 20.7 27 24.9 24.1 23.928-May-90 II 27 28.5 36 41 42 33 32.5 28.5 25 25.5 28 27 28 28 27.529-May-90 II 27 28.5 34 39 41 35 

24 
33 31 25.5 26 25 26 27 27.5 27 2630-May-90 II 27.5 29 35.5 38 39.5 25 26 24 25.5 24 27 27.5 30 22.5 23 2131-M.av-90 II 29 26 '0 3,1 35 22 31 29F 23 24 27 22 28 24.5 23 21 



TABLE A-I 
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)

DATE DRY BULB TEMPERATURE. C WET BULB TEMPERATURE. C II(I II 
5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM II

(0500) (0800) (1100) (1400) i17001) (2000) (2300) 10200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) II 

01-Jun-90 27.5 28 32.5 35 37 32.5 23.5 28 25 23.5 27.5 28 29 23 23 23
02-Jun-90 27.5 29 35 38.5 40.5 33 30 28 23 24 26 27.5 28 23 21.5 2103-Jun-90 26.5 28 38 40 41 33 30.5 28.5 21 22 23.5 24 21 22 21.5 21.504-Jun-90 26.5 27 40 41 42 36 32.5 30 20 21 22 21 21.5 20 18 1705-Jun-90 27.5 29 35.5 41 42 35 33 28 25 25 26 27.5 27.5 25 24 2406-Jun-90 26 28 34 40 41.5 35.5 32 27 24 25 26 27 27.5 25.5 24 2407-Jun-90 26.5 27.5 31 39 40.5 37.5 34 28 24 25 26 27 27.5 25.5 24 24
08-Jun-90 26.5 29.5 35.5 39 41 37 34 30 25 26 27.5 28 28.5 25.5 25.5 2509-Jun-90 27 29.5 38 40 41 37 34.5 31 25 26 28 28 27 25.5 23.5 22.5
10-Jun-90 27 30 39 40 41 34.5 32.5 30 24 25 25.5 26 26.5 26 26 2511-Jun-90 26 28.5 33.5 36 38 35 33 30 24 25.5 27 27 28 26 24 25
12-Jun-90 (I 28 30 33 36 38 36 33 26 24 25 28 27 28 27 26 23
13-Jun-90 II 23 23 27.5 31 32.5 30 28 27 20 20 24 25 24.5 25 24 23.5
14-Jun-90 II 26 29.5 32 36 38 34 30 29 23 25.5 27 27 27 26 24 23.515-Jun-SO I 28 30 36 38 39.5 37 33 30 23 24 26 27 27 25 25 24.5
16-Jun-90 29 32 38 42.5 43 36 32 29 24 25 27 25 25 25.5 24.5 23.5
17-Jun-90 II 28 30 37 42.5 43.5 40 36 30 24 25 27.5 27 27 26.5 26 25.5
18-Jun-90 I 27 28 36.5 40 42 33 34 30 25 25.5 28 29 30 28 26 25
19-Jun-S0 I 27 28 34 38 40 35 32 30 ( 24 25 27.5 23.5 29.5 28 27 26
20-n-9O 28 29 34 37 39 35 34 31 25 26 28 29 29.5 27 26
21-Jun-SO II 28 30 3,3 39.5 41 38.5 

26 
34 31 26 26 27.5 28.5 28 27 26 2622-Jun-90 27.5 29.5 35 40 45 375 33.5 30 26.5 26.5 28 29 29 27.5 26 26

23-Jun-90 26 28 34.5 40 41 38 32.5 30 24 25 27.5 28.5 31.5 30.5 28 26.5 II24-Jun-90 27.5 29 34 40 40.5 35 30 29 26 26 27 28.5 28.5 27.5 26.5 26 II
25-Jun-90 27 29 34.5 39.5 40 35 31 29 26 26.5 28 29.5 29.5 28 27.5 2726-Jun-90 29 29 38 38.5 39 36 33 31 26.5 28.5 28 30 27 26 25 24.5 II27-Jun-90 29 31.5 37 38 40 37 34.5 31 23 26.5 28 29 30 27 26.5 25 II28-Jun-90 30 32 37 38 41 38 35 32 25 26 28 29 28 27 26 25.5 I)29-Jun-90 28.5 29.5 37 39.5 42 36 34 30 -25.5 27 28.5 29 30 28 27 26 II
30-Jun-90) 28 29 37 41 -0 39 35 31 25.5 27 28 28 27 26 25)) 



TABLE A-i L-IST AVAILALE DOCUM,EINT 
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)


DATE If DRY BULB TEMPERATURE, C 
 WET BULB TEMPERATURE, C IIII II 
II 5AM 8AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AM II
II (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) IIII II 

01-Jul-90 II 26 29 35.5 38 40 37 31 29 24 26 27.5 28 29 28 27 26 II 
02-Jul-90 tl 27.5 29 33.5 37 39 36 32 31 21 26.5 28 28 28 27 26 26 II
03-Jul-90 II 30 31.5 36 37 39 37 33 30 27 27.5 28 27 27.5 26.5 26 26 II
04-Jul-90 II 29 30 33 34.5 35.5 39 31 29 27 27.5 28 27 27.5 27 27 26
05-Jul-90 II 28 29 33 36 35.5 34 32 30 25 26 27 29 28.5 28 27 26 II
06-Jul-90 I1 28 30 38 39 38 32 3') 28 25 26 27 29 28 27 26 26 If
07-Jul-90 II 28.5 29 36 38 39 36 32 30 27 27 28 28 29 28 27 25.5 II
08-Jul-90 II 28 29 34 39 40 37 33 29 26 27.5 28 28 29 27 26 26 II
09-Jul-90 I 27 29 35.5 39.5 41 38 32 29 25.5 26 27.5 28.5 29 27.5 26 25.5 II
10-Jul-90 If 27 29 35 39 38 32 30 29 25 26.5 28.5 29 28 27 26 25.5 II
11-Jul-90 II 27.5 28.5 32 34 35 33.5 32 29 26.5 26.5 27.5 28.5 29.5 27 26 25.5 I1
12-Jul-90 I! 27 28 35 39 40 35 31 27 25.5 26 27 27.5 27 26 25 24 II
13-Jul-90 [I 25.5 27 33.5 39 40 36.5 32 28 '23.5 24.5 26 28 27 27 25 25 1
14-Jul-90 [ 26 28 33 38.5 41 36 31.5 28 24 25 25 27.5 26.5 25.5 24 24 11 
15-Jul-SO I1 25.5 27.5 33.5 37 39 34.5 31 23 24.5 25 27 27 27 26.5 26 25.5 If
16-Jul-90 25.5 27 31.5 35 39 35 32 29 24.5 25 26.5 27 27.5 27 26.5 26 If
17-J'ul-90 26.5 28 33.5 36.5 38 35 32 28 25 26 26 28 27.5 27.5 27 25 I
18-Jul-90 25 28.5 34.5 38 40 3F 33 23 24 25.5 27.5 29 28 27.5 27 26
19-Jul-90 26 28 33.5 36 38 3,1 30.5 23 25 25.5 27 28.5 28.5 27 26 25 iI 
20-Jul-50 26.5 28 34 36 37.5 33 30 271 24 25 27 28 28 26.5 26 25(1
21-Jul-90 25.5 27 33.5 37 38.5 33 30 23 24.5 25.5 26.5 27 27 27 26 26 F
22-Jul-90 27 28 33 38 38.5 34 31.5 23 26 25 27 27.5 27.5 27 26.5 26
23-Jul-90 26 28.5 33.5 37 38 37 33 29 25 25.5 27 28.5 29 27 26 25.5 jf
24-Jul-90 26 30 35 37 38 35 31 30 25 26 27.5 29.5 29 28 27 26.5 If
25-Jul-90 29 29.5 35.5 38 40 37 32 30 26.5 27 28.5 29 29 27 26 25.5 I1
26-Jul-0 29 30 33 37.5 40 35 31 27.5 25 25.5 26.5 27.5 27 26 25 25 if
27-Jul-90 25 27 32.5 38 40.5 32.5 27 26 24.5 25 2426.5 28 27.5 27 25 
29-Jul-90 25 27 32.5 36 37.5 33 31 28 23 25 27 28 28.5 27 26 25
29-Jul-90 25.5 26.5 33 37 39 37 34 29 24.5 25.5 27 28 29 28 27 26 II
30-Jul-0[ 27.5 29 32.5 37 5 39 36 32 29 25 26 26.5 27.5 23 27 26 25 If
31-Jul-SO 25 27 3-4 17 29 35.5 31 29 24 24.5 26 27 28 27 26 25 11 



TABLE A-2 . ,....1 1 t.WL - . 
TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION) 

AVERAGES BY MONTH EVERY THREE HOURSDATE II DRY BULB TEMPERATURE.II C WET BULB TEMPERATURE, C II 
I 5 AM 8 AM 11 AM 2 PM 5PM 8 PM 11 PM 2 AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PMII (0500) (0800) (1100) 11 PM 2AM II
II (1400) (1700) (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200)IIII 

Aug-89 (l 26.2 27.7 32.0 34.4 36.0 32.5 30.1 28.1 24.2 25.3 26.5 27.4 27.5 26.6 25.7 24.9 IISep-89 )J 24.2 26.4 31.5 34.5 35.3 31.8 29.0 26.4 21.6 22.7 24.1 24.7 25.0 24.1Oct-89 II 19.4 21.9 30.7 33.2 34.2 29.3 25.3 
23.5 22.6 II 

22.4 17.3 19.0 20.9 21.3 21.1 20.2 19.0Nov-89 (I 15.2 17.2 24.4 26.7 27.1 21.4 18.0 Ii
18.4 16.4 13.4 14.5 17.7 18.0 18.3 17.0 15.7 14.2 IIDec-89 II 11.2 11.8 17.3 20.4 21.0 16.6 14.4 12.7 10.0 10.5 13.4 14.4 14.9 13.4Jan-go II 11.3 12.2 18.0 21.3 12.2 10.9 II22.0 17.4 14.9 13.0 10.1 10.6 13.7 14.9 15.3 13.9 12.7Feb-9O 11.6 12.9 17.5 20.3 11.4 II21.8 17.8 15.2 13.2 10.4 11.2 13.4 14.9 11.1 14.3 13.1Mar-90 II 14.7 16.3 23.5 26.9 11.7

27.5 22.5 19.1 16.6 12.8 13.8 17.0 17.8Apr-90 II 21.4 23.8 31.6 18.1 17.9 170 15.4 II34.9 36.3 30.8 26.9 24.2 17.2 18.8 21.5 22.3 22.7 21.2May-90 (I 26.9 28.5 35.6 39.6 40.9 
19.7 18.5 II34.5 32.0 28.8 22.7 23.7 24.7 25.2 25.8 24.6 23.9 22.8Jun-90 II 27.3 29.0 35.3 38.8 II

40.4 35.9 32.6 29.5 24.2 25.1 26.9 27.5 27.6Jul-90 I 26.8 28.4 33.9 26.0 24.9 24.3 II37.3 38.7 35.2 31.4 28.6 24.9 25.8 27.1 28.0 28.0 27.0 26.1 25.5 IIII 18YEAR II 19.7 21.4 27.7 30.7 31.8 27.2 24.1 21.7 f 17.4 18.5 20.6 21.4 21.3 20.6 19.5 18.4 r 



TABLE A-3 

III 

II DRY BULB 
I TEMPERATURE 
II CIl 


Aug-89 II 30.9 

Sep-89 Ii 29.9 

Oct-89 II 27.0 

Nov-89 20.8 

Dec-89 II 15.7 

Jan-90 II 16.3 

Feb-90 II 16.3 

Mar-90 1 20.9 

Apr-90 28.7 


May-90 II 33.3 

Jun-90 H 33.6 

Jul-90 II 32.6


II 

YEAR I1 25.5 

TEMPERATURE 

WET BULB 

TEMPERATURE 
C 

26.0 
23.5 

19.6 
16.1 
12.5 

12.9 
12.5 
16.2 
20.2 
24.2 

25.8 
26.6 

19.7 

DATA (ROHRI METEOROLOGICAL STATION) 
MONTHLY AVERAGES IIII 

RELATIVE SPECIFIC I 
HUMIDITY HUMIDITY II 

% LB WATER/LB DRY AIR II 
68.4," 0.0193 II 
59.1% 0.0157 
50.2% 0.0112 
61.5% 0.0095 i 
69.8% 0.0077 II 
67.9% 0.0078 
64.9% 0.0075 II 
62.6% 0.0096 
46.3% 0.0114 II 
47.1% 0.0152 II 
53.9% 0.0177 II 
62.8% 0.0195 II

II 
58.5% 0.0120 II 

_, CUMENT
 



TABLE A-4
 
4-1/2 YEAR TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
 

DATE (j DRY BULB TEMPERATURE.II C WET BULB TEMPERATURE, C II 
{ 5 AM 8AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM IIII (0500) (0800) (1100)11 (1400) (1700) (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) IIII 

01/01/84 11 11 12.8 17.2 20.6 18.9 15.6 13.3 11.7 7.8 8.3 10.6 12.2 12.2 10.6 9.4 8.9 I101/07/84 1I 8.9 7.8 12.8 18.3 19.4 13.9 11.7 10 6.2 6.1 8.3 11.1 11.101/15/84 II 8.9 7.8 18.9 21.7 
10 8.9 8.3 II

22 15.6 11.7 10 7.2 7.2 10.6 12.2 12.8 10.6 9.4 8.9 II01/25/84 11 8.9 9.4 16.1 21 22 14.6 12.8 11.7 7.2 7.8 12.8 13.3 13.3 11.1 10 8.3 ii02101/84 11 12.2 11.1 17.8 22.8 22.8 18.5 15.6 14.4 7.8 7.8 12.6 12.9 13.3 10.9 9.9 9.402,107/84 (I 10.6 8.3 17.8 21.7 22.2 15.6 
II 

13.3 11.7 6.7 6.1 10 11.7 13.9 10 8.9 6.7 II02/15/84 II 12.2 12.8 21.7 27.2 27.8 21.1 18.9 16.1 10 10 12.8 15 15.6 13.9 13.3 11.7 I{02/25/84 II 7.8 7.2 18.3 21.2 21.7 15.6 10.6 10 5.6 5.6 10.6 11.2 11.7 10.6 8.8 8.3 II03/01/84 II 15.6 14.4 25 28.3 28.9 22.8 19.4 17.8 12.8 12.2 14.4 16.7 16.7 16.1 13.9 12.8 I03/07/84 II 16.7 16.1 30 33.3 33.3 25.6 24.4 21.7 13.3 12.2 17.2 18.3 18.9 16.1 16.1 14.403/15/84 (I 20.6 19.4 26.1 27.8 29.4 25 
l{

22.8 21.1 17.2 17.2 19.4 20 19.4 18.9 18.3 17.8 I0325/84 II 22.8 23.3 26.7 29.4 29.4 26.1 24.4 23.7 17.8 17.8 18.8 20.6 20.6 20 19.4 18.9 II04,'01.T4 24. 23.9 28.9 32.8 33.3 30.8 26.7 23.9 20 19.4 21.1 22.2 22.8 21.7 21.1 22 II04 07.343l 22.2 22.2 28.9 33.3 35 28.3 27.8 25.6 18.3 17.8 21.3 22.2 21.7 21.4 21 18.20."15/84 27.2 30.6 36 40.6 41 36.7 33.9 30.6 21.1 23.9 25 25 25 23.3 22.2 22.204.25/84 25.6 26.1 37.8 41.7 42.2 36.1 33.9 31.1 18.9 18.9 27.7 22.2 22.8 22.2 22.2 21.705..01'8.1 25.6 26.1 36.7 41.7 42.2 35 32.2 29.9 19.4 20 19.4 21 22.2 18.9 17.2 16.705'07!84 28.9 28.9 37.2 42.8 43.3 37.8 33.3 32.2 22.8 23.9 24. 25 25 23.3 21.1 20.605:1534 i 30.6 31.1 38.9 41.1 42.2 35.6 32.2 30.6 17.2 17.2 18.9 21.1 21.7 20 19.4 18.805/25.84 32.2 31.1 39.4 45 46.1 .10.6 36.7 33.9 24.4 25.6 26.7 26.7 26.1 25 24.5 23.90-.301/84 ii 28.3 28.9 36.1 42.2 ,14.4 37.8 36.7 32.2 22.8 25 26.7 27.2 27.2 26.7 2G.7 25.606,'0784 I 27.3 28.9 35.6 40.6 42.2 37.8 35.6 31.7 23.3 25 26.7 26.7 27.2 26.7 26.706/15,84 II 32.8 35.6 40 43.3 45 41.1 
25 {I

38.9 35.6 25.6 27.2 27.8 28.3 28.3 27.8 26.7 26.7 I{06i25/84 II 28.9 32.2 36.1 42.8 44.4 38.9 32.8 29.4 23.9 24.4 25 26.1 26.1 26.1 24.107.01V84 i 29.4 31.7 36.7 40 41.1 34.7 31.7 31.1 
23.9 II 

25 26.1 27.2 27.8 27.8 26.1 25 25 II07,'07'84 1 30.6 32.2 37.8 40.6 41.1 37.2 34.4 32.2 1 26.1 26.7 26.7 27.2 27.2 26.7 26.1 26.1 II07/15/84 i( 27.7 28.9 34.4 40.6 41.7 36.7 31.7 31.1 23.3 24.4 26.1 26.2 27.2 26.7 25.6 24.1 II07'25194 I 27.8 28.9 35 38.9 41.1 36.7 33.3 30.6 24.4 25 26.7 27.8 27.8 27.8 26.1 24.4 I 

BEST AVAILABLE COPY
 

http:05/25.84
http:04,'01.T4


TABLE A-4
 
4-1/2 YEAR TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
 

DATE DRY BULB TEMPERATURE. CII WET BULB TEMPERATURE. C IIII 
11 5AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM II11 (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) (0500) (0800)II (1100) (1400) (1700) (2000) (2300) (0200) IIII 

08/01/84 I 27.3 27.8 33.9 37.2 38.9 36.1 34.4 30 22.8 24.4 26.7 26.7 27.2 27.2 26.7 25.6 II08/07/84 1I 26.1 27.2 29.4 30.6 32.8 31.1 29.9 27.8 24.4 22.8 25 26.1 25.6 25.6 26.6 25 II08/15/84 II 28.9 29.4 32.8 36.1 37.2 33.9 30.6 28.3 26.1 26.7 26.7 27.2 28 27.8 26.6 26.1 II08/25/84 II 27.8 28.3 32.8 37.7 37.2 34.4 30.6 29.3 25 25.6 26.7 27.8 28.3 27.2 26.7 25.6 II09/01/84 II 25.6 26.7 30.6 35 35.6 32.8 32.2 30 23.3 23.9 25.6 26.7 27.8 28.3 28.3 26.7 I09/07/84 II 26.6 26.7 32.8 33.9 33.9 32.2 30 27.8 22.8 23.9 25.6 25.6 23.3 26.1 25.6 24.4 I09/15X34 II 27.8 28.9 30.6 32.8 32.8 29.9 28.3 27.8 24.4 25 24.4 25.6 27.2 25 23.3 23.3 I09/25/84 Ii 24.4 26.7 32.2 35 34.4 29.4 26.7 25 21.1 21.7 23.9 24.4 25 24.4 24.4 23.9 II10/01/84 11 23.9 25 32.2 35 29.4 29.7 26.7 25 19.4 20 23.3 23.9 23.9 20 18.3 18.9 II10/07/84 II 19.4 21.1 33.3 35.6 35 27.8 22.8 21.1 17.2 17.2 19.4 19.4 20 19.4 18.9 17.210/15/84 22.2 22.8 31.1 33.3 31.7 28.3 24.4 23.3 18.9 18.9 19.4 20.6 21.1 20.6 19.4 18.9 II10,25/84 20.6 19.4 28.9 30 30.6 26.1 24.4 23.3 15.2 15 19.4 20.6 19.4 19.4 18.3 17.911'01/84 15.6 16.1 27.2 30 28.9 23.3 18.3 16.7 13.3 13.7 17.2 16.1 17.8 15.6 14.4 13.9 II11,.07,"84 17.2 17.8 23.9 28.9 26.7 22.2 19.6 18.3 13.9 13.3 16.6 17.8 18.3 16.9 16.1 15.6 II11115/84 17.8 18.3 23.9 28.3 27.8 22.2 19.4 18.9 15.6 15.6 18.3 19.4 19.4 18.9 18.3 16.7 II11/25/84 13.9 14.4 22.2 25.6 26 18.9 15.6 14.4 12.8 12.8 16.1 16.1 17.2 15 13.9 13.3 II1201/8-1 15 14.4 21.7 25 24.4 20.6 18.3 17.2 12.8 12.2 15.6 16.7 17.2 15.6 15 14.4 II1 '07/84 12.8 15 23.3 2;3.7 26.1 20 17.2 16.1 11.1 11.7 15.6 16.7 16.7 16.1 14.4 13.9 II12'15,'84 12.8 13.9 18.9 22.2 22.2 18.9 15.6 14.4 10 10 12.2 13.9 14.4 13.3 11.7 11.1 II1225,,84 U 8.3 8.3 13.9 1'7.4 19.4 15.6 11.1 9.4 3.3 3.3 8.3 10.6 10 8.9 7.8 7.2 II01,01/85 II 6.7 8.3 16.1 13.3 18.3 12 10 8.9 5 5.6 9.4 10 11.1 8.3 7.8 7.2 II01/07/85 H 11.1 11.1 13.3 17.8 17.8 13.9 11.7 10 9.4 10 10.6 12.2 12.2 11.7 10 8.9 II01/15/85 II 12.2 14.4 21.1 25 24.4 18.3 15 13.3 10.6 11.7 15 15 16.1 14.4 11.7 10.6 I01/25/85 II 11.7 12.2 21 1 25.6 25 21.7 17.8 16.1 10 10.8 15.6 15.6 15 14.4 13.3 12.2 II0201/85 I 12.2 11.7 22.8 1. 1 26.1 23.9 15.6 14.4 10.6 10 15 15.6 16.7 15 12.8 12.202/07/85 II 18.3 18.3 21.7 25.6 24.4 21.7 18.3 15 13.3 11.7 15 15.6 13.3 12.2 10.6 10 II0215/85i 11.7 13.9 22.2 26.7 28.3 21.1 17.2 15 8.3 9.4 14.4 14.4 15 12.8 12.2 11 II02"25/85 II 13.9 16.7 25 29.4 30 22.8 17.8 15 10.6 11.7 16.1 16.1 16.7 15.6 12.8 11.7 H 
BEST AVAILABLE COPY 



TABLE A-4
 
4-1/2 YEAR TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
 

DATE iiII DRY BULB TEMPERATURE. C WET BULB TEMPERATURE. C IIII 
J 

IIII 

5 AM 

(0500) 
8AM 

(0800) 

11 AM 

(1100) 

2 PM 

(1400) 

5 PM 

(1700) 

8 PM 

(2000) 

11 PM 

(2300) 

2 AM 

(0200) 

5 AM 

(0500) 

8AM 

(0800) 

11 AM 

(1100) 

2 PM 

(1400) 

5 PM 

(1700) 

8 PM 

(2000) 

11 PM 

(2300) 

2 AM II 
(0200)II

II 
03/01/85 
03/07/85 
03/15/85 

03/25/85 

04/01/85 

04/07/85 

04/15/85 
04/25/85 
05/01/85 
05/07/85 

05/15/85 

05/25"85 
06/01/85 
06'07,'85 

06/1 5/85 
06/25,i'85 

07/01"85 
07;07"85 

07"1 5 85 

07/25/85 

08,01:85 

08,07/85 

08/15/85 
08/25/85 

09/01/85 

09/07/85 
09/15i85 
09,25i85 

ii 
II 
II 
II 
I1 
II 
II 
II 
II 
II 
II 

II 
It 
Ii 
II 
II 

14.4 
16.7 
15.6 

22.2 

22.2 

22.2 
22.8 
24.4 
21.6 
28.3 

27.8 

31 
29 

27 

29 
29 

27 
27 

26 

25.5 

23 

24 

26 
23.5 

26 

22 
22.5 

24.5 

15.6 
19.4 
22.2 

22.8 

21.7 

22.8 

25 
25.6 

30 
29.4 

28.3 

33 
31 

30 

31 
30 

27.5 
23 

27 

27 

29 
25 

27 
25.5 

27 

24 
25 
27 

28.3 
26.7 
28.3 

31.7 

25 
29.4 

33.9 
37.8 
37.2 
28.3 

41.1 

35 
35 

35.5 

37 
36 

32.5 
32 

29 

31 

33.5 
30 

32 
30.5 

30.5 

31 
30 

32 

32.2 
31.1 
33.3 

35.6 

23.3 

32.8 

37.8 
41.1 
37.8 
42.8 

41.7 

41 
38 

40.5 

43 
39 

37 
36 

34 

35 

35 
34 

35 
35 

33.5 

33 
35 

35.5 

32.8 
32.8 
34.4 

37.2 

23.3 

34.4 

39.4 
41.7 
38.9 
48.8 

41.7 

42 
39 

43 

15 
41 

37 
37 

36 

35 

35.5 
34.5 

36 
36.5 

33.5 

35 
36 
33 

26.7 
30 

27.8 

30.6 

20 

31.1 

32.2 
35 

32.2 
36.7 

32.2 

36 
36.5 

37.5 

40 
38 

32 
35 

34 
33.5 

33 
32.5 

33 
33 

31.5 

29 
30 
30 

22.2 
24.4 

25 

29.9 

20.6 

28.3 

27.8 
33.9 
27.2 
33.9 

29.4 

31 
32.5 

31.5 

34.5 
35 

29 
33.5 

32.5 

29 

32 
30.5 

30 
29.5 

28 

28.5 
28 

28.5 

17.8 
22.2 

21 

25.6 

19.4 

25.6 

25 
28.3 
26.7 
31.1 

28.3 

30 
30.5 

29.5 

32.5 
32 

28 
31 

30.5 

28 

30.5 
28.5 

28.5 
26 

27 

26.5 
26 

26.5 

11.1 
14.4 
11.7 

16.7 

18.3 

18.3 

15 
17.2 
17.2 

20 
15.8 

18 
27.1 

25.1 

25 
26.1 

25 
25.1 

25 

24.1 

26.1 
23.6 

24.6 
22.6 

25.1 

21.1 
22.1 
22.6 

11.7 
15.6 
13.3 

16.7 

18.3 

18.9 
16.1 
17.2 
18.3 
21.1 

17.2 

20 
28.1 

26.5 

26.5 
26.6 

25.6 
26.1 

25 

25 

27.1 
24.1 

25.1 
23.1 

26.1 

23.1 
23.1 
24.6 

18.3 
18.9 
16.7 

20.6 

19.4 

21.7 

19.4 
21.7 
18.9 
21.7 

20.6 

21.1 
29 

27.1 

26 
28 

26.1 
27.1 

26 
26.6 

27.6 
25.1 

26.1 
25.1 
25.5 

25 
24 
26 

18.3 
20 

18.3 

22.2 

18.3 

22.8 

19.4 
22.8 
19.4 
23.3 

19.4 

22.1 
29.1 

27.1 

26 
28 

27.6 
28.1 

27.1 

27.6 

28.1 
27.1 

27.1 
26.1 

25.5 

26 
25 
25 

18.9 
20 

18.3 

21.7 

18.3 

18.3 

19.4 
23.3 
19.4 
23.3 

20 

23.1 
28.6 

25.1 

23.6 
28 

27.6 
27.6 

27.1 

28.1 

29.5 
27.6 

28.1 
26.6 

26 

26 
25.1 
25.5 

17.2 
18.9 
19.4 

21.7 

18.3 

22.8 

18.9 
23.3 
17.8 
22.8 

19.4 

23.1 
27.6 

27.1 

22.6 
27.1 

24.1 
27.1 

27.1 

28.1 

28.1 
25.1 

27.1 
26.1 

25.5 

25 
24 

25.5 

15.6 
18.3 
16.7 

20.6 

17.8 

22.2 

17.2 
20 

16.7 
21.1 

19.4 

21.1 
28.1 

26.6 

21.6 
27.1 

23.8 
27.1 

26.6 

26 

28.5 
26.1 

26.1 
24.1 

25 

24.5 
23 
25 

13.3 II 
18.3 II 
14.4 II 

20 II 
17.8 H 
21.1 II 
17.2 II 
18.9 II 
16.7 II 

20 II 
19.4 II 
20.1 II 
27.6 II 
25.6 I 
21.1 H 
27.1 H 
22.6 II 
26.6 H 
26.6 II 
25.1 II 
27.6 II 
25.1 II 
25.6 II 
23.1 I1 
24.5 II 
23.5 

22 I1 
23.5 II 

BEST AVAILABLE COPY
 



TABLE A-4
 
4-1/2 YEAR TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
 

DATE II DRY BULB TEMPERATURE. C WET BULB TEMPERATURE. C 
II


II 5 AM 8 AM 11 AM II2PM 5 PM 8 PM 11 PM 2 AM 5 AM 8 AM 11 4M 2PM 5 PM 8 PMII (0500) (0800) (1100) (1400) (1700) 11 PM 2 AM IIII (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) III
10/01/85 II 23 25 33 37 36.5 29.5 26.5 25 19.1 21.1 22 22.5 23 2310/07/85 II 23.5 21 20 II25 30 31.5 31 28 25 24 23.1 23.5 24.510/15i85 II 19 24 30 31 31 26 

25 25.1 24 22.5 22 II
19 19 14.5 18.1 22 22.5 2210/25/85 I 18.5 22 19 16.5 16.5 II28.5 31.5 30 25 22 20 17.5 20.1 22 22 20.1 20 20 19 II11/01/85I 18.5 22 28 32 31 27 21 19 15 17 18 20 21 1911/07/85 II 17 18 25 28 18.5 171I30 24 21 19 15.5 16 20 20 1911/15/85 I! 15 17 25 28 

20 17 16 II
27 23 19 18 14 14.5 18 20 2C11/25/85 II 13 15 21 25 26 

18.5 17.5 16.5 II19 14 14 11 12 16 16 16 1512/01/85 I1 12 14 23.5 
12 12 I 

11 1212'07185 II 14 14.5 19 
16 II 

13 13.1
12/15/85 II 10 11 21 

11 I! 
12/25/85 II 11.5 13 20.5 

9 10 13 II 
10 11

01/01/86 II 8 9 17 
17 II20 19 13 9 6 6 6 10 11.5 1101/07/6 II 7 8.5 17 20 10 6 

9 7 4 II19 14 12 7 11 12 11.501/15/86 ,I 7.5 8 10 9 8 II16 21.5 20.5 13.5 12 10 7 7.5 12 13 13.5 1101/25/86 ;J 8 9 17 20 19 14 9 7 
10 8 II 

6 6.9 10 10 1002.,'01,'86 i 7 8 7 6 II8 19 22 22.5 16 14 12 6.5 7 12 12.5 13 11.5 9.902'07.'86 II 8 10 9 II19 22 21.5 15 13.5 13 6 7.5 13 12.5 12 1002/15;86 II 12 13 18 10 91I21 22 17 15 
 14 10 11 
 13 15 16 15
0225,'86 II 10 12.5 22.5 25 26 20 16 14 
14 13 II 

9 10 15 14.5 15.503/01,86 II 14.5 15.5 23 29 
14 12.5 12 II28 23 18 16 12 12.5 16 17 1703/07/86 II 17 18 24 16 15 14 II30 30 26.5 24 22 15 16 18 20 20.5 19.503/15186 II 14 19 18 II15 24 25.5 26 22 18 16 10 10 13.5 13.5 14 13 1203/25/86 II 16 18 24.5 30 30 24 

10 II 
20 18 12 1304/01/86 II 15 18 17.5 17 15 14 II19 20 27.5 29.5 30 24 20 18 11 12 15.5 15.5 16.5 16 15 14 II04/07/86 !1 21 22 32 35.5 36 30 26 24 17 17.5 21.5 2304/15/86JI 22 24 33 36 36 

23 22 20 19 II30 28 26 19 20 2304/25/86 II 24 22 23 22.5 22 211125 29.5 33.5 35 30 28 26 19 20 20.5 21 21.5 21.5 21 18 II 

BEST AVAILABLE COPY 



TABLE A-4
 
4-1/2 YEAR TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
 

DATE II DRY BULB TEMPERATURE.II C WET BULB TEMPERATURE, C II 
I 5 AM 8AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AM 5AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PMII (0500) (0800) (1100) (1400) (1700) (2000) (2300) 2AM II(I (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200)II

II 
05/01/86 II 26 26.5 32 34 37 32 29 27 
 21 21 22 23 23
05/07/86 jJ 22.5 27 22.5 21 20 II37 42 42.5 35.5 32 
 30 21 22 25 24 
 24 23 21 22 II05/15/86 II 29 29.5 39 43 45 38 34 32 21 22 
 25 25 26 25 25
05/25/86 II 25 26 35 2411

41 43 36 33 30 20.5 21.5 22 22 2306/01/86 II 23 24 30 33 32 31 
23 22 22 II 

27 25 
 20 20.5 24 24 25 24 2206/07/86 II 29 30 2137 41 40.5 35 34 31 20 21 23 25 23 22.5 22 21 II06/15/86 II 28 29.5 38 43 44 39 36 22 24 25 26 26 26 26 26 25 II06/25/86 29 30 38 42 42 35 33 31 25 27 28.5 31 3007/01/86 29 29.5 34 34 
27.5 27 26 II31 27 25 24 24 25 26 27 24.5 24 23 22.5 H07/07/86 28 29.5 36 41 42 38 35 32 25 26 28 28 28 27
07,'15/86 28.5 29 35 39 41 

26 25 II
37 34 31 24.5 25 26 27 27 27 2507/25/86 27 28 30 33 25 II

37 33.5 31.5 29 25 28 26 26.5 27 26.508/01/86 25 26 30 33 35 32 29 
26 25 II 

27 25 26 26 27 27 26 25 24 I08i07/86 II 29 29 33 35 30 27.5 27 27 26.5 26.5 27 27.5 25 24.5 2408/15!86 II 27 27 30.5 33 25 
J4 32 30 28 25 25.5 26.508/25,'86 II 24 25 30.5 35 

27 27 26.5 26 26 II36 32 27.5 25 22 23 25 25 . 25 2509/,016 II 23.5 24.5 29.5 34.5 35 31 
24 23 I

28 26 23 24 24.5 25 26 24.9 240907,"86 II 24.5 25 31 35 24
35 31.5 30 28 22 23 25 25.5 26.5 2609/15!86 II 24 26 25.5 2430 32 33 30.5 28 26.5 22 23 24 2509.'25/86 II 24 25 31 

26 25 24.5 23 II34.5 33.5 30 26 25 22.5 23 25 26 25 25 2310101186 II 24 25 30.5 36 33.5 28.5 27 28 22 
22.5 I 

22.5 25 25 25.5 25 24.5 23.5 II10,07/86 II 23 26 31 35 34.5 29 26 25 22 23.5 24.5 25 25 25 2410/15/86 II 25 26 32 23 II35 35 30.5 25.5 23.5 20 19 21 23 22.5 22 22.510/25/86 I 18s 20 26 30 22 II25 23 21.5 20 16 16.5 19 20 20 18.5 18 17 II11,01/86 II 16 19 30 31 29.5 23 19 17 15 16 20.5 19 19.511,07/86 II 16 15.5 26 29.5 
18 17 16.5 I129 24 22 20 15 14 18.5 18 19 16.5 16 1511/15/86 I 18 18.5 25 28 II27.5 21 20 16 14.6 14.6 17 17 16.5 15.511,'25,86 II 17 14 20 13 11.523 21 18 17 15.5 14 13 15.5 16 15.6 15 14.5 14 

BEST AVAILABLE COPY
 



TABLE A-4
 
4-1/2 YEAR TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
 

DATE II DRY BULBTEMPERATURE. CII WET BULB TEMPERATURE, C III 
II 5 AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM 5 AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM IIII (0500) (0800) (1100) (1400)II (1700) (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) IIII 

12/01/86 II 12 11 17 21 21 17 14 13 12 10 15 15 15 13.6 12 1112/07/86 II 14 13.5 20 .3 22.5 20 15 13 13 13.1 16 17 17.6 17 14 12 II12/15/86 11 4 3 15 18 16.5 10 5 5 2.5 2 9 10 9 8 4.6 4 II12/25/86 11 5 7 17.5 20 17 15 9 8 I 6 11.5 13 11.5 10 9 8 fl01/01/87 II 8 10 15 19.5 18.5 13.5 12.5 11 8 8 10 13 12.5 11 10 901/07/87 9 9 17 20 19 13.5 11.5 10.5 8.5 8.5 13 13 13.5 11 10 9 II01/15/87 9.5 9.5 16.5 20.5 21.5 13.5 12 11 8 8 13.5 14.5 14 13 10 10 II01/25i87 II 8 8 20.5 23.5 24 16 13 10 7 
 7.5 14.5 15.5 15 13 12 11 
 II02/01/87 10 10.5 19 24 23 19 13 12 9 9 15.5 18 16.5 15 12 11 II02/01/87 I7 11 12 19.5 26 26 18 16 15 10 10.5 13.5 16.5 17 14.5 13 1202/15/87 II 13 14 22 24 25 18.5 14 13 12 13 14 16 15 14 12 11 I102125/87 II 11 12 18 21 21 17.5 15 13 10 10 15 
 15.5 15 14 12 11 II03/01/87 I[ 13 13.5 27 27.5 
 28 22.5 18.5 16 12 12 18 18 18 
 17 16 14 II03/07/87 II 16 19 25 27 28.5 23 21 19 
 14 16 18 19 20 19 
 18 17 II03/15/87 H 17 17.5 22 25 26 23 22 20 16 16 19 20 
 20.5 20 20 19 II03/25/87 I 16.5 17 22.5 25.5 
 26 22 19 
 17 15.5 16 
 18 18 18 17.5 17.5 16 II04/01/87 H 20.5 20.5 28.5 31.5 30 28 25 23 19.5 19.5 21.5 21 21.5 20.5 20 19 II0.4/07!87 119 24.5 33 35 34.5 31 29 26 17 21.5 22 22 22 
 22 21 20 II0.1/15,'87 i 19 21 31.5 35 38 29 27 22 17 19 
 21 21 21.5 21 19 17jI
C4/25/87 II 18.5 20 33.5 38 37.5 29 25 21 17.5 19 18.5 19 19.5 19 17.5 16.5 II05/01.'87 (I 26.5 28 35 40 -10.5 32 25 22 18 19 20 20 20.5 19 19 18 II05/07:87 II 22 23 25 32 33 30 27 25 19 19.5 20 22 23 21 22 22 II05/15/87 II 23 25.5 29 31 33 30 29.5 25 19.5 21 21.5 22 23 23 21.5 20 II05/25/87 II 25 27 34 39 40.5 34 32 30 1 24 25 24 24 24 24 22 2206,"01;87 II 28 32 36.5 39 40 35 33 31 27 27.5 26.5 27 27.5 26 25 24.5 II06/07/87 I] 29 31 
 40 43 43.5 36.5 35 32 1 23 25 25.5 26.5 27 25.5 25 25 II06/15/87 II 28 32 36 41 42 36 34 30 1 27 29 27 25.5 25.5 24 24 23 H06,25/87 II 29 29.5 36 -10.5 42 35 33.5 32.5 1 27.5 .29 26.5 24.5 26.5 25 25 25 II 
BEST AVAILABLE COPY
 



TABLE A-4
 
4-1/2 YEAR TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
 

DATE II DRY BULB TEMPERATURE. CI1 WET BULB TEMPERATURE, C IIII 
5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM 11II (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200)I (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) IIII 

07/01/87 II 27.5 29 36 41 42.5 38 34.5 33.5 26.5 27 27 27 27 26.5 27.5 25 I107/07/87 II 28 30 35 40.5 42.5 38 35.5 33 26.5 27.5 28 29.5 27.5 27 27.5 2707/15/87 II 27 29.5 35 38.5 38 35 32.5 30 26 26.5 27 27.5 27.5 24 27 26 II07/25/87 II 27 27.5 35 38 41 36.5 31 30 26 26 27 27.5 27.5 27.5 26 25 II08/01/87 II 28.5 30 36 42 42 37 34 32 24 25.5 27 25 25 25.5 26 25.5 I108/07/87 II 29 30 37 38 39 35 32.5 29 26 26 27 27 27.5 27 26 25.5 II08/15/87 II 25.5 28 32 35 34.5 32 29.3 26 24.5 25 26.6 26.6 27 26 25.5 25 II08/25/87 II 26.5 27.5 32.5 36 37 34.5 32.5 29 25 25.5 27 27.5 28 28.5 27.5 27 II09,'01/87 II 27.5 29 32 37 40 35 31 28.5 24 25 26 27 28 27.5 25.5 25 II09/07/87 II 25.5 27 31.5 36 27 32.5 28 26 23 24 25.5 26 27 26 2409/15/87 l 24 25.5 31 33 34 30 
23.5 1I 

27.5 26 23 23.5 25 25 23.5 24.5 23.5 23 I109/25i87 (I 26 27 33.5 38 70 31 28.5 25.5 19.5 20 23 24 25 24 22.5 20 II10/01/87 (j 25 26 35 38 37.5 31 23 26.5 24 25 24 24 24.5 e3.5 23.5 23 II10/07/'87 II 23 25 35 37 38 30 27.5 25.5 21.5 22 21.5 22 22.5 24.5 23 22 II10/15/87 II 18 20 27 30 31 25 21 19 16.5 17 18 18 18 17.5 17 16.5 H10/25,,'87 II 20.5 21 29 32 32 26.5 24 21 18 18 20 21 21 21 20 20 I11,,1'/87 I 18 19 27 30 29 25 20 18 16.5 16.5 19 19 20 18 17 16 H11/07,87 H 15 16 29.5 33 32.5 22 20 19.5 13 14 18 19 19 17.5 16 1611/15187 II 15 16 27.5 30.5 30 20 18 16 14 14.5 20 19 19 17.5 16.5 15 I11/25/87 11 12 20.5 24 24.5 21 18 13 10 10.5 15 16 16.5 15 13 11 H12.'01/87 12 14 19 21 20 14 13 9 8 9 10 10 10 8 6
6 17 23 22 15 10 18 5 

51I12/07,'87 5.5 
4.5 11 13 13 12 912/15i87 12 11 20 25 25 17 

6 II 
15 13 10.5 9 14 17 18 15 13 12 I12/25/7 10 11.5 17 22 23 17 14 12 9 10 13 14 15 15 11 10 II01/01/88 12 14 15 19 18.5 16.5 15 13 10 10.5 11.5 14 13 12.5 12 11 II01,07C88 9 10 18.5 23 22.5 16 14 12 8 9 13.5 15.5 1501/15i88 10.5 13 12 11.5 It12 18 21 21.5 17 16 14 9 10.5 14 15 14.5 13 12 11.5 II01/25/88 7.5 8 16.5 21 22.5 14.5 9.5 9 6.5 6j. 12 12 12-5 11 8.5 8 

- .--. E COPY 



TABLE A-4
 
4-1/2 YEAR TEMPERATURE DATA (ROHRI METEOROLOGICAL STATION)
 

DATE )j DRY BULB TEMPERATURE. CII 
 WET BULB TEMPERATURE, C II
 
I 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AM S AM 8 AM 11 AM 2 PM 5 PM 8PM 11 PM 2AM IIII (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) (0500', (0800) (1100) (1400) (1700) (2000) (2300) (0200) II 

02/01.'38 Il 10.5 
 12 20 20.5 22 19 15 
 13 9.5 10 15 16 
 15 14.5 14
02107/88 I 12 14 20 24 23 
11
 

19 15 13 11 12 
 15 14 13.5 12 9 11 II
02/15/88 II 10.5 11 19 
 21 20.5 18 15 13 
 10 10 14 
 14 14 12 
 11 10 iI
02/25/88 Ii 13 15 26 
 29 30.5 23 19 18 10 
 11 16 17 18 17 16 15 II
03/01/88 I 11 13 22 26 27 20.5 16 14 10 11 16 16 17 14 13 12 II03/07/88 19 20 23 27 28 24 22 20 18 17 18 20 21 20 19 1B If03/15/88 i 17 18.5 24.5 
 30 31 
 25 23.5 19 16 17 19 
 20 21 21.5 19 17 II03/25/88 I1 20 10 26 
 28 29 22 
 19 17 14 13.5 15 15 16 15
04/01/88 I) 18 18.5 30 32.5 
12 11)f


34.5 24 24 22 13 
 14.5 18.5 18.5 
 18 17 16 15 I)
04/07/88 II 19 20 29.5 33 37 30 24 
 22 13 14 17.5 17.5 20 18 16 
 15 II
04/15/88 23 25 39 
 43 43 35 34 29 17 18 22 
 23 22 22 
 20 19))
04/25/88 26 28 34 38 
 39 34 30 29 20 
 21 23 25 
 25 22
05/01/88 II 23 25 32 35 23 2236 .32 31 30 20 18.8 22 23 23 22 2205/07/88 II 28 30 40 
22 

43 44 35 33 32 20 21 21 23 23 24 25 2505/15/88 It 24.5 27 35 
 40 41 36 
 33 32 23 
 24.5 25 25 
 24 23 23.5 23
05/25/88 tI 27 28 37 42 44 39 35 31 24 24 25 25 25 
 26 25.5 25
06/01/88 I) 30 31 37 
 46 47 
 40 35.5 33 
 26 26.5 26 24 23 22 
 2-.5 22
06/07/88 II 30 30 36 40 42 36 34 33 23 
 25 25 26 27 26 25 25
06/15/88 I) 26 28 30 41 42 37 36 35 25 26 23.5 26.5 26 26.5 26 2506/25/88 II 28 28.5 34 39 39 34 33 32 26 26 26 27 28 27 27 2607/01/88 I) 27 29 31 30 31 30 29 28 25.5 26 27 25 25 25 26 2607/07/88 )) 28 29 33 35 37 36.5 36 34.5 26 26.5 28 28 28 27.5 27 2707/15/88 I) 28 29 31 35 36 34 32 31 27 26 27 27.5 28
07/25/88 )) 28 29 35 36 35 33 
27 27.5 27 I)


31 30 27 
 27.5 28 28.5 
 30 28 
 27 26.5
08/01/88 II 25.5 26.5 32 36 37 33 30 26 23.5 24.5 27 27.5 27 26 25 2408/07/88 I 27 28 32 34 
 36 33 31 
 29 25.5 26 
 27 27.5 28 27 26
08/15/88 1) 25.5 28 34 25

36 38 33 32 30 24.5 25 26 26.5 27.5 27 27 26 II08/25188 I) 26.5 28.5 34 36.5 37 32.5 31 29 ,24- ,.26.5 27 .38 28.5 28.5 26 25 



-- 

TABLE A-5 BEST AVAILABLE COPY4-1/2 YEAR TEMPERATURE DATA - DAILY AVERAGES EVERY THREE HOURS (RCHRI METEOROLOGICAL STATION) 

DATE I DRY BULB TEMPERATURE. CII WET BULB TEMPERATURE. C III 
II 5AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM 5AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2 AMII (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) II 
HII 
!1 9.14 10.82 16.06 19.48 18.64 14.12 11.96 10.12 7.36 7.68 10.30 12.14 11.96 10.28 9.24 8.02 Ii9.00 9.28 15.72 19.82 19.54 14.26 12.18 10.50 7.62 8.121 11.28 12.76 12.66 11.14 9.98 9.14 115-Jan 10.34 18.10 21.94 21.98 15.58 13.34 11.66 8.36 8.98 13.02 13.94 14.18 12.40 10.62 9.80 II25-Jan 8.' "2 18.24 22.22 22.50 16.16 12.42 10.76 7.34 7.90 12.98 13.28 13.16 11.50 10.16 9.10 II01-Feb II 10.38 C.-. "c-72 23.08 23.28 19.28 14.64 13.16 8.68 8.76 14.02 15.00 14.90 13.38 11.72 10.52 II07-Feb II 11.9C 12.52 - " 86 23.42 17.86 i5.229 13.54 9.40 9.56 13.30 14.06 13.94 11.74 10.30 9.7415-Feb II 11.88 12.94 2058 . 2.,72 19.14 16.02 14.22 1 13.06 10.68 13.64 14.88 15.12 13.54 12.50 11.34 II25-Feb I 11.14 12.68 21.96 25. 12 " 1978 15.68 14.00 1 9.04 9.66 14.54 14.86 15.38 14.24 12.42 11.60 II01-Mar II 13.70 14.40 25.06 28.60 . -" 18.82 16.32 1 11.58 11.88 16.54 17.20 17.52 16.06 14.70 13.22 1107-Mar II 17.08 18.50 25.74 29.58 30.52 - 9-0.98 1 14.94 15.36 18.02 19.46 20.08 18.70 18.08 17.14 II15-Mar II 16.84 18.52 24.98 28.32 29.36 24.56 2, "-,. 14.18 14.70 17.52 18.36 18.64 18.56 17.20 15.64 I125-Mar II 19.50 20.02 26.28 29.70 30.32 24.94 22.46 20.. 7- 15.40 17.48 18.76 18.76 18.24 16.90 15.98 II01-Apr II 20.82 20.92 27.98 29.92 30.22 25.36 23.26 211. I -0 19.20 19.10 19.42 18.70 17.98 17.56 II07-Apr II 20.68 22.30 30.56 33.92 35.38 30.08 27.02 24.64 1;2.72 ... - 21.50 21.00 21.24 20.04 18.66 Ii15-Apr II 22.80 25.12 34.68 38.48 39.48 32.58 30.14 26.52 i17.8: 19.40 ----- - .8 21.54 20.08 19.28 II25-Apr II 23.70 24.94 34.52 38.46 39.08 32.82 30.16 27.08 18.52 9.2-2 22.28

01-May II 24.54 27.12 34.58 37.70 38.92 32.64 28.98 27.12 
2Z4 21.60 20.74 19.42I 

19.12 19.42 210.46 21.2E: .4 -'19.12 18.68 II07-May 25.94 27.66 33.50 40.52 42.32 35.00 31.84 30.06 20.56 21.50 22.42 23.46 23i.C 2.0t 91 9215-May 26.98 28.28 36.60 39.36 40.58 34.36 31.62 29.58 19.30 20.38 22.20 22.50 22.94 22208 7-7C 04 i25-May 28.04 29.02 36.08 41.60 43.12 37.12 33.5- 30.9R 22.18 23.22 23.76 23.93 24.24 24.22 C23.02-2 01-Jun 27.66 29.38 34.92 39.64 40.48 36.06 32.94 30.34 24.58 25.52 26.44 26.26 26.26 25.26 24.86 24.,-407-Jun 28.56 29.98 36.82 41.02 42.24 36.56 34.02 31.44 22.88 24.50 25.46 26.26 25.86 25.56 25.06 24.32 i15-Jun 28.76 31.22 36.20 42.26 43.60 3862 35.88 33.02 25. . 26.74 26.06 26.46 25.88 25.38 24.86 24.16 II25-Jun 28.78 30.04 36.02 40.66 41.68 36.18 33.46 31.38 25.70 26.60 26.80 27.32 27.72 26.54 26.04 25.60 II01-Jul 27.98 29.34 34.04 36.40 36.52 32.34 29.84 28.92 25.20 25.94 26.66 26.88 26.38 25.14 25.06 24.22 II07-Jul 28.32 29.74 34.76 38.62 39.92 36.94 34.88 32.54 25.74 26.56 27.56 28.16 27.66 27.06 26.74 26.3415-Jul 27.44 28.68 32.88 37.42 38.54 35.34 32.54 30.72 25.16 25.38 .. 42 27.06 27.36 26.36 26.34 25.74 jj25-Jul 11 27.06 28.08 33.20 36.18 37.82 34.64 31.16 29.52 25.30 26.30 z6.86 27.58 28.08 27.58 2F.22 25.20 II01-Aug II 26.86 27.86 33.08 36.64 37.68 34.22 31.88 29.10 24.28 25.50 26.86 26.86 26.94 26.56 26.24 25.34 II07-Aug !1 27.02 27.84 32.29 3432 34.46 31.82 30.13 28.25 25.20 25.08 26.22 27.04 26.74 25.84 25.74 25.12 II 



TABLE A-5 

4-1/2 YEAR TEMPERATURE DATA - DAILY AVERAGES EVERY THREE HOURS (ROHRI METEOROLOGICAL STATION) 

DRY BULB TEMPERATURE, CDATE II WET BULB TEMPERATURE, C IIII 
II 5AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM 5 AM 3 AM 11 AMII (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) 

2 PM 5 PM 8 PM 11 PM 2 AM 11II (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200) IIII 
15-Aug I! 26.58 27.88 32.26 35.02 35.94 32.78 30.42 28.16 24.94 25.46 26.38 26.88 27.52 26.88 26.24 25.74 1125-Aug II 25.66 26.96 32.06 36.04 36.74 33.28 30.22 27.66 23.72 24.74 26.16 26.88 27.28 27.0601-Sep If 25.65 26.80 30.65 35.00 25.66 24.74 II36.03 32.58 29.80 27.88 23.85 24.75 25.40 26.05 26.95 26.55 25.70 25.05 II07-Sep II 24.65 25.68 31.58 34.48 35.23 31.30 29.13 27.08 22.23 23.50 25.28 25.78 25.70 25.7815-Spp 24.58 26.35 30.40 33.20 24.90 23.85 II33.95 30.10 27.95 26.58 22.88 23.65 24.35 25.15 25.45 24.63 23.58 22.83 II25-Sep 24.73 26.43 32.18 35.75 42.73 30.10 27.43 25.50 21.43 22.33 24.48 24.85 25.13 24.73 23.73 22.4801-Oct 23.98 25.25 32.68 36.50 34.23 29.68 27.05 26.13 21.13 22.15 23.58 23.85 24.23 22.88 21.83 21.35 II07-Ozt 22.23 24.28 32.33 34.78 34.63 28.70 25.33 23.90 20.95 21.55 22.48 22.85 23.15 23.23 22.10 21.05 II15-Oct 21.05 23.20 30.03 32.33 32.18 27.45 22.48 21.20 17.48 18.25 20.10 21.03 20.90 19.78 18.85 18.4825-Oct 19.40 20.60 28.10 30.SE 29.40 

I1
25.15 22.98 21.08 16.68 17.40 20.10 20.90 20.13 19.73 19.08 18.48 II01-Nov 17.03 19.03 28.05 30.75 29.60 24.58 19.58 17.68 14.95 15.80 18.68 18.53 19.58 17.65 16.73 15.8507-Nov 16.30 16.83 26.10 29.85 29.55 II
23.05 20.65 19.20 14.35 14.33 18.28 18.70 18.83 17.73 16.28 15.65 II15-Nov II 16.45 17.45 25.35 28.70 28.08 21.55 19.10 17.23 14.55 14.80 18.33 18.85 18.73 17.60 16.33II 13.73 13.85 20.93 24.40 24.38 19.23 16.15 14.23 

14.93 II25-Nov 
11.95 12.08 15.65 16.03 16.33 15.00 13.35 12.58 II01-Dec If 12.75 13.35 19.23 22.33 22.23 17.20 15.10 13.07 10.95 10.80 13.53 13.90 14.55 12.40 11.00 10.13 II07-Dec II 11.58 12.25 20.10 24.23 22.40 18.33 14.07 15.70 10.53 10.60 14.20 15.57 14.58 15.03 12.47 10.63 JJ15-Dec II 9.70 9.73 17.97 21.73 21.18 15.30 11.87 10.80 8.00 7.75 11.73 13.63 13.60 12.10 9.77 9.03 II25-Dec fI 8.70 9.95 16.13 20.47 19.98 15.87 11.37 9.80 6.70 7.58 10.93 12.53 13.38 11.30 9.27 8.40 If 

L ,. " Y 



TABLE A-6
4-1/2 YEAR TEMPERATURE DATA - MONTHLY AVERAGES EVERY THREE HOURS (ROHRI METEOROLOGICAL STATION) 

DATE II DRY BULB TEMPERATURE. CII WET BULB TEMPERATURE. C IIII 
1 5 AM 8 AM 11 AM 2 PM 5 PM 8 PM 11 PM 2AM 5AM 8 AM 11 AM 2PM 5 PM 8 PM 11 PM 2AM !1II (0500) (0800) (1100)II (1400) (1700) (2000) (2300) (0200) (0500) (0800) (1100) (1400) (1700) (2000) (2300) (0200)IIII 

January 11 9.17 9.94 17.03 20.87 20.67 15.03 12.48 10.76 7.67 8.17 11.90 13.03 12.99 11.33 10.00 9.02 IIFebruary I! 11.35 12.20 20.47 24.01 24.32 19.02 15.39 13.73 9.30 9.67 13.88 14.70 14.83 13.23 11.74 10.80 IIMarch Ij 16.78 17.86 25.52 29.08 29.79 24.61 21.68 19.25 13.98 14.33 17.39 18.45 18.75 17.89 16.72 15.50 IIApril II 22.00 23.32 31.94 35.20 36.04 30.21 27.65 24.88 17.36 18.33 21.09 21.17 21 26 20.77 19.71 18.73 IIMay II 26.38 28.02 35.19 39.80 41.24 34.78 31.47 29.44 20.29 21.13 22.21 22.80 23.12 22.29 21.50 21.06 IIJune II 28.44 30.16 35.99 40.90 42.00 36.86 34.08 31.55 24.62 25.84 26.19 26.58 26.43 25.69 25.21 24.56 I!July II 27.70 28.96 33.72 37.16 38.20 34.82 32.11 30.43 25.35 26.05 26.88 27.42 27.37 26.54 26.09 25.38August II 26.53 27.64 32.42 35.51 36.21 33.03 30.68 28.30 24.54 25.20 26.41 26.92 27.12 26.59 25.97 25.24 ISeptember 24.90 26.31 31.20 34.61 36.98 31.02 28.58 26.76 22.59 23.56 24.88 25.46 25.81 25.42 24.48 23.55 I1October I1 21.66 23.33 30.78 33.62 32.61 27.74 24.46 23.08 19.06 19.84 21.56 22.16 22.10 21.40 20.46 19.84 IINovember II 15.88 16.79 25.11 28.43 27.90 22.10 18.87 17.08 13.95 14.25 17.73 18.03 18.36 16.99 15.67 14.75 IIDecember II 10.68 11.32 18.36 22.19 21.44 16.68 13.10 12.34 9.04 9.18 12.60 13.91 14.03 12.71 10.63 9.55 II 



TABLE A-7 
4-1/2 YEAR TEMPERATURE DATA - MONTHLY AVERAGES 

(ROHRI METEOROLOGICAL STATION) 

MONTH DRY WET 
BULB BULB 

C C 
Jan 14.5 10.5 
Feb 17.6 12.3 
Mar 23.1 16.6 
Apr 28.9 19.8 
May 33.3 21.8 
June 35.0 25.6 
July 32.9 26.4 
Aug 31.3 26.0 
Sep 30.0 24.5 
Oct 27.2 20.8 
Nov 21.5 16.2 
Dec 15.8 11.5 

Year 25.9 19.3 

SPECIFIC 
RELATIVE HUMIDITY 
HUMIDITY LB WATER/ 

% LB DRY AIR 
61.2% 0.0063 
53.8% 0.0067 
52.1% 0.0092 
43.0% 0.0107 
36.4% 0.0117 
47.7% 0.0169 
60.3% 0.0191 
66.0% 0.0191 
63.6% 0.0171 
56.7% 0.0128 
58.3% 0.0093 
59.8% 0.0066 

54.2% 0.0113 
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POWER INCREASES A'TRIBU-TABLE TO INLET AIR EVAPORATIVE COOLING 

A methodology was developed to calculate the power increases attributable to inlet 
air evaporative cooling. A necessary step in performing this analysis was to obtain 
the appropriate temperature profiles (dry bulb and wet bulb) and corresponding
relative humidities upon which to base the power increase calculations. The 
treatment of the meteorological data is described in Appendix A. 

The "cooled air temperature" was first determined for each point of interest. The 
cooled air temperature is the temperature to which the compressor inlet air 
temperature can be reduced wilh the evaporative cooler. For the purpose of this 
study an assumption was made that the evaporative coolers would operate at in 
average efficiency of 80 percent. This is thought to be more realistic, and more 
conservalive over the long term, than the 90 percent recommended by the media 
supplier and used in the reference 1 report. This figure adequately accounts for 
degradation of the cooler media over time until its periodic replacement. The 

rocedure tor calculating the cooled air temperature presupposes that both the dry
ulb and wet bulb temperatures are known. The cooled air temperature is then the 

temperature obtained by subtraciing 80 percent of the difference between the dry
bulb and wet bulb temperature from the dry bulb temperature. For example, with a 
dry bulb temperature of 34 degrees C and a wet bulb temperatUre of 21 degrees
C, the cooled air temperature would be 26 degrees C. The psychometrics of the 
cooling process are discussed in more detail in reference 1. 

Independent of the calculation of the cooled air temperature, it was necessary to
develop an equation to represent the Guddu combined cycle power plant base 
load output (without evaporative cooling) as a function of ambient dry bulb 
temperature. Data provided by the General Electric Company (reference 3) shows 
that the reationship is that of a straight line. Fifteen data points were extracted 
from the Guddu plant operation logs at ambient temperatures for 15 degrees C 
to 40 degrees C. A regression analysis was performed to find the equation of the 
straight line most closely representing the data. Figure B-1 presents the individual 
points used in the regression analysis as well as the plot of the straight line 
calculated in the analysis. As can be seen from the figure, the curve fits the dala 
extremely well and confirms the straight line relationship. The regression analysis
resulted in a standard error of the coefficient of approximately 3.5 percent, and a 
standard error of the y-intercept of approximately 0.5 percent. 

The computer model constructed by Gibbs & Hill also accounLs for the slight
penally (loss in efficiency) resulting from the increase in inlet air pressure drop
caused by the use of evaporative media. Data provided by the gas turbine 
manufacturer, General Electric, indicates that an increase in the inlet pressure
drop of 4 inches of water results in a one and one-half percent reduction in gas
turbine oulput. -he addition of evaporative coolers results in an increase in the 
pressure drop through the inlet air system of about 0.3 inches water gauge. This 
results in a reduction of approximately 0. 1 percent in output. 
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APPENDIX B (CON-rTD) 

With the above methodology in place, the Guddu combined cycle power plant
output was calculated both without and with evaporative cooling. This was done 
using the equation and correction factor described above. For the plant without 
evaporative cooling, the ambient (dry bulb) air temperature was used as the input
variable in the equation. For the plant with evaporative cooling, the cooled air 
temperature was selected as the inut variable. This calculation was performed for 
each of the 2,920 data points (365 days x 8 sets o1 dry and wet bulb temperature 
per day) of the year for which complete meteorological data was obtained, i.e.,
August 1, 1989 through July 31, 1990. The increases in base load power output
for each month of the year were also calculated using the average monthly
temperatures determined as discussed in Appendix A. The average monthly 
power Increases are presented in Table B-1. Figure B-2 shows this information in 
a graphical format. A tabulation of the calculated power increases for each of the
2,920 data points would be too voluminous for this report. However, Gibbs & Hill 
has prepared Figures B-3 through B-5 which show daily power increase curves. 
Figure B-3 presents the daily curve for January 3, 1990, which is representative of 
a probable minimum daily increase. Figure B-4 presents similar information for 
May 23, 1990, and represents a probable maximum daily increase. A typical daily 
power increase curve is shown in Figure B-5 and is based on the weather data for 
September 6, 1989. 

The calculated plant power increase attributable to evaporative cooling, averaged
for an entire year, withouLt consideration of unit outages or power reductions 
resulting from economic dispatch loading, is 14.0 MW. The maximum calculated 
power increase was 9.75 percent. This is within the capability of the generator
which, as discussed in reference 1, limits the power increase to about 11 percent 
at 0.90 power factor. 

Gibbs & Hill also undertook a review of the methodology described above to 
determine how closely power increases predicted by its use compare with data
provided by the General Electric Company. The curve supplied by General 
Electric for the Guddu combined cycle power plant via reference 3 was entered 
into a personal computer based program. An equation of this curve was 
developed by means of a regression analysis as described earlier. Figure B-6
shows the close comparison of the values calculated by the Gibbs & Hill procedure
with the data points extracted from the General Electric curve for the base loaded 
plant without evaporative cooling. For the three curves presented by General 
Electric for the plant output with evaporative cooling, data points were selected 
(ambient dry bulb temperature and specific humidity), and corresponding wet bulb 
temperatures were calculated. This information was then inputted to the equations
developed by Gibbs & Hill. Figure B-7 presents the results of this comparison for 
three sets of specific humidity lines, i.e., specific humidity of 0.002 lb water/lb dry
air, 0.010 lb water/lb dry air, and 0.020 lb water/lb dry air. As seen in the figure the 
results compare very well with a maximum difference of only approximately one 
percent at the higher ambient temperatures. This difference decreases and 
essentially vanishes entirely as ambient temperature decreases. This conifirms the 
validity of the methodology developed by Gibbs & Hill to calculate the power
increases which can be achieved with an inlet air evaporative cooler. 

B-2 

BEST AVAILABLE COPY 



GUDDU COMBINED CYCLE PLANT OUTPUT 
650 

7 600 

0 

550 

m 

r'

~500 
r-o 
o 
-u 
< 

-n3 
C 
m m 

10o210 

* 

20 30 
AMBIENT TEMPERATURE, C 

DATA POINTS _ CALCULATED 

40 50 



GUDDU EVAPORATIVE COOLER STUDY 
AVERAGE OUTPUT INCREASE 

40 90% 

35 80% 

3O0 70% 

0o6 25 "-9 60% :: 

co o20 -' 50% 
rn 

is 40% 

co~ 1 30% 
m 
o 5 L I III I , I I I I I 

Jan-90 Mar-90 May-90 Jul-90 Sep-89 Nov-89 
Feb-90 Apr-90 Jun-90 Aug-Q Oct-R9 Doe-9 YEAR 

MONTHLY AVERAGES 

SDRY BULB, C- WET BULB, C COOLED AIR TEMP, C-+ + 

3 REL. HUMIDITY, % . OUTPUT INCREASE,
 
a)
 



GUDDU EVAPORATIVE COOLER STUDY 
TYPICAL MINIMUM OUTPUT INCREASE (03-Jan-90) 
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GUDDU COMBINED CYCLE PLANT PERFORMANCE 
COMPARISON OF G&H AND GE DATA WITHOUT INLET AIR COOLING 
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GUDDU COMBINED CYCLE PLANT PERFORMANCE 
COMPARISON OF G&H AND GE DATA WITH INLET AIR COOLING 
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TABLE B-i 
GUDDU COMBINED CYCLE POWER PLANT 

AVERAGE MONTHLY POWER OUTPUTS 
WITH AND WITHOUT EVAPORATIVE COOUNG 

ONTH DRY WET COOLED RELATIVE 
SPECIFIC 

HUMIDITY BASE LOAD PLANT OUTPUT 
BULB 

C 
BULB 

C 
AIR TEMP 

DB, C 
HUMIDITY LB WATER/ 

% LB DRY AIR 
W/O 

COOUNG 
WITH 

COOUNG 
OUTPUT 

INCREASE 
-90 
-90 

16.3 
16.3 

12.9 
12.5 

13.5 
13.3 

67.9% 
64.9% 

0.0078 
0.0075 

621.9 
621.8 

629.7 
630.6 

7.8 
8.8 

ar-90 20.9 16.2 17.1 62.6% 0.0096 607.4 618.4 11.0 
r-90 28.7 20.2 21.9 46.3% 0.0114 582.9 603.5 20.6 
y-90 33.3 24.2 26.0 47.1% 0.0152 568.2 590.5 22.3 
n-go 33.6 25.8 27.4 53.9% 0.0177 567.4 586.3 18.9 
ul-90 32.6 26.6 27.8 62.8% 0.0195 570.6 585.0 14.4 
ig-89 30.9 26.0 27.0 68.4% 0.0193 576.0 587.5 11.5 
p-89 29.9 23.5 24.8 59.1% 0.0157 579.0 594.3 15.3 
t-89 27.1 19.6 21.1 50.2% 0.0112 587.9 606.0 18.1 
v-89 20.9 16.1 17.1 61.5% 0.0095 607.4 618.7 11.2 

[c-89 15.7 12.5 13.1 69.8% 0.0077 623.7 631.0 7.4 

YEAR 25.5 19.7 20.9 58.5% 0.0120 592.7 606.7 14.0 
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APPENDIX C
 

PLANT OUTAGES
 

Forced and scheduled outage data obtained from the plant operational logs for the 
period July 1989 to June 1990 are shown in Table C-1. Separate data for the four 
gas turbines (units G-5 through G-8) and the two steam turbines (units G-9 and 
G-10) are shown. 

Outages for inspection and overhaul are scheduled for tile period from August to 
mid-December whenever possible because the availability of hydro power is much 
greater during these months than during the first part of the year. There are 
inevitably some scheduled outages during the low hydro months and there are, of 
course, forced outages throughout the year. 

The data presented in Table C-1 were used in the economic analysis. No 
distinction was made between scheduled and forced outages since both have the 
same effect on the availability of generating capacity. The average outage rate 
was 10.9 percent over the period under consideration. 

Account was taken of the fact that a gas turbine outage reduces the output of the 
associated combined cycle steam turbine by 50 percent. This was done by
attributing half of the gas turbine outage hours to steam turbine outage hours and 
applying a coincidence factor of 33 percent (i.e. the probability of unrelated 
outages of gas turbines and their associated steam turbine occuring at the same 
time is 33 percenl). Application of this factor on a monthly basis has the impact of 
increasing plant unavailability from a yearly average of 10.9 percent to 12.9 
percent. The base loaded 14.0 MW average increase in output discussed in 
Appendix B is therefore effectively reduced to 12.1 MW. 
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TABLE C-I
 

GUDDU 600 MW COMBINED CYCLE POWER PLANT
 
FORCED AND .SCHEDI'LED OUTA;ES (HOURS)
 

LIINrT (3-5 

FORCED 
SCHEDULED 
COMBI ED 

Jul-:~') 

o 
0 
0 

.-Au'-:)9 

152 
3o6 
. 

Sep-39 

07'28 
720 
720 

Oct-Q 

723 
726 

Nov-,,( 

0 
-128 

Dec-',;9 

10 
-17 
57 

Jan-') 

10 
0 

10 

Fe-0 

5 
0 
5 

Ma-

13 
..0 
53 

Apr-90 

8 
9 

17 

May-00 

11 
21 
32 

June-90 

105 
0 

105 

Total 

Hours 

745 
1.956 
2.701 

Percent 

Available 

hours 

8.5% 
22.3% 
30.8% 

FORCED 
SCHEDULED 
COMBINED 

UNIT G-7 

FORCED 
SCHEDULED 
COMBINED 

UNT G-3 

FORCED 
SCHEDULED 
COMBINED 

11 
0 

I! 

13 

29 
26 
55 

2, 

-) 

! 

I 
9 

2 

8 
2 
10 

1 
51 
61 

1 
0 
I 

21 
99 
120 

5 
39 
-1 

0 
0 
0 

9 
687 
" 

15 
218 
233 

10 
38 
48 

31 
14 
.5 

0 
0 
0 

2 
0 
2 

12 
0 

12 

3 
0 
3 

1 
0 
I 

7 
0 
7 

0 
86 
83686 

0 
31 
31 

10 
55 
65 

34 
0 

34 

8 
21 
29 

7 
9 
16 

4 
0 

0 
26 
26 

12 
20 
32 

7 
0 
7 

3 
66 
69 

6 
0 
6 

0 
70 
70 

0 
100 
100 

170 
890 

1.060 

b9 
517 
586 

55 
327 
382 

1.9% 
10.2% 
12.1% 

0.8% 
5.9% 
6.7% 

0.6% 
3.7% 

4% 

FORCED 
SCHEDULED 
COMBINED 

t2"N'LTG -10 

I 
0 '1 

0 
0 

0 
137 
137 

0 
33 
33 

13 
0 
013 

1 
16 
17 

0 
0 
0 

1 
0 
0 

0 
0 
0 

008 

0 
0 
0 

12 
71
86 

23 
260
2. 
2Sq 

0.3% 
3.0% 

FORCED 
SCHEDIULED 
COMBINED 

137 

.7 i 

I 
21 
22 

2 
3 

10 

2417 
14 

261 

31 
99 
130 

4 
5 

9 

16 
I1 

27 

0 
27 

27 

0 
0 

0 

7 
0 

7 

1
8 

9 

97
193 

690 

5.7%2.2% 

7.9% 
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TABLE C-1 ICONT'D) 

GUDDU 600 MW COMBINED CYCLE POWER PLANT
 
FORCED AND SCHEDULED OUTAGES( HOURS)
 

Jul-.80 

TOTAL 

FORCED 22, 
SCHEDULED 
COMB"INED 297 

PERCENT OF AVAILABLE 

FORCED 5.1% 
SCHEDULED 1.5% 

OMBNED 

.- 1u-,-89 

191 

H1o 

HOURS 

.3% 
" 

3. 7% 

Sep-:30 

:0 
ff19)4-
il. 

0.2% 
18.6% 
18.3% 

Oct-.39 

31 
1.006 
1.037 

0.7% 
22.5% 
23.2% 

Nov-39 

709 
990 

1.699 

16.41% 
22.9% 
39.3% 

Dec-839 

87 
160 
247 

1.9% 
3.6% 
5.5% 

Ja-90 

31 
21 
52 

0.7% 
0.5% 
1.2% 

Feb-90 

23 
128 
156 

0.7% 
3.2% 
3.9% 

Mar-) 

66 
143 
209 

1.5% 
3.2% 
.4.7% 

Apt-90 

19 
44 
63 

0.4% 
1.0% 
1.5% 

May-90 

40 
107 
147 

0.9% 
2.4% 
3.3% 

June-90 

124 
252 
376 

2.9% 
5.8% 
8.7% 

Total 

Hours 

1.564 
4.143 
5.707 

3.0% 
7.9% 

10.9% 

Percent 
ofAvailable 

hours 

3.0% 
7.9% 

10.9% 

FT.
U) 

I

m 
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A"PENDIX D
 

ECC..SI!C .SPATCH LOADING
 

Several statistical chia sis Fr': d !-y WAPDA were analyzed to obtain plant
pe, d.. ".rm-nc;. -r,"' :i !o.!ing. Generation statistics, sampled
for 55 days cl'.:rit.- I 9"i - 'r provided daily load and plant factor 
percentages, oui8'J3 1" unit, daily generation,d11 r 	 fuel data,
temperature data and mt'lw'Qr t 13lected data are presented in Table D-1 
on a monthly basis ard l.'s2astimate a generation factor.,co !o 	 reduction
resulling from load di.n:alch. lhts iclucu!ion factor was applied to the calculated 
power increascs :o,- ' -,.u.riA2,rCti'e cooling. 

WArDA's economic dispatch ! nrj.connizes t ee distinct time periods: 

i) 	 Mid-December through Anri, during which period the units are base loaded. 

ii) 	 May through July, during winch period the units are base loaded during the
daytime and l,-adedJ at .!'c,. t 50 -ercent between 10:00 pm and 5:00 an. 

iii) 	 August through mid December, during which period hydro power is relatively
plentiful ad the Guddu imil, opr te at an approximate 20 percent reduction 
in output -l:htive to t3se toad. 

On thr basis of the above the reduction in output per annum due to economic
dispatch is about 15.5 percent. As w4'ould be anticipated from the loading pattern
given above this is a low number. ithis is not unexpected since the Guddu 
Combined Cycle Units are the most officient thermal units on the WAPDA system
and there are ge ,?rotion st.,,dHIl in lekistan for significant periods during the 
ypar. 

The 15.5 percent reduction in oulput due to economic dispatch has the effect of 
reducing the 12.1 MW averag-. rowel increase in Output discussed in Appendix C 
to 10.2 MW. 
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TABLE D-1 

GUDDU 600 MW COMBINED CYCLE POWER PLANT 
-HISTORICAL GENERATION PATTERNS 

REDUCTION 
IN MAX. 

MONTH 
OUTPUT 
MWh 

KEY DISPTACH 
LOGIC USED 

LOAD 
FACTOR 
% 

LOAD 
FACTOR 
% 

Jul-89 384,927 Base load, day 90.7% 9.3% 
50% 10prn-5am 

Aug-89 349,463 Hydro preferred 81.5% 18.5% 

Sep-89 325,500 Hydro preferred 78.1% 21.9% 

Oct-89 319,517 Hydro preferred 73.0% 27.0% 

Nov-89 273,840 lydro preferred 62.6% 37.4% 

Dec-89 368,187 Mid-Dec, base load 79.4% 20.60,. 

Jan-90 429,257 Base load 92.8% 7.2% 

Feb-90 389,844 Base load 93.3% 6.7% 

Mar-90 431,799 Base load 95.5% 4.5% 

Apr-90 401,520 Base load 95.7% 4.3% 

May-90 405,294 Base load, day 95.9% 4.1% 
50% 10pm-5am 

Jun-90 316,050 Base load, day 75.9% 24.1% 
50% 10pmn-5am 

Total 4,389,198 Average 4_5-% 15.5% 
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