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These climatic d a t a  wee-e collected under cont rac t  90 H a r z a - E b a s c o  Sersitna 

Joint V e n t u r e  f o r  the A l a s k a  Power Author i ty  on the Sus i t na  Hydroelect r ic  

Project. Field maintenance and d a t a  collection were  perfoi-med by the  

hydrology s t a f f  of RGM Consul tan ts ,  Incorporated. D a t a  reduction a n d  

processing were per formed by Debbie Stephens, Len Story ,  Bla i r  P a r k e r ,  

J im Nelson and Je f f  Coffin, u s i n g  computer  programs developed by Mark  

Holmstrand a n d  rev ised  by Bil l  Ashton. 



1 . 1  Purpose 
0 

The Watana cl imate s ta t ion  w a s  i ns ta l led  as  t h e  i n i t i a l  s i t e  f o r  meteorologic 

d a t a  collection by RGM in the S u s i t n a  Basin because of i t s  location n e a r  

the  Watana base camp. The d a t a  wi l l  be  used  as  input to t h e  DYRESM 

computer model, which predicts  t h e  temperature a n d  sediment regimes of 

t h e  gsroposed Watana Reservai  r .  

'1 . 2  Stat ion Description 

The Watana cl imate s ta t ion  i s  located about 100 yards  f rom t h e  Wa tana  base 

camp a t  62°50'20" N latitude and 148°30'50" W longitude. It lies in a n  

open, gradually sloping a r e a  a t  S u s i t n a  River Mile 184. Its estimated 

elevation i s  2,300 fee t  above mean sea level ( M S L ) .  See Figures 1 . I  a n d  

1 . 2  for Iscation. 

The weather s t a t i on  is s i t ua ted  on the  high p la teau n o r t h  of t h e  r i v e r ,  

characterized by open t u n d r a  w i t h  occasional black spruce groves.  A 

slight r i s e  o r  knoll  t o  the  north a n d  west of  the  s i t e  may shelter the 

i ns t ruments  f rom the  prevailing wind direction. High mountains to  the  

south s h a d e  t h e  s t a t i o n  for  most of t h e  day  dur ing  December and January. 

These fea tu res  r i se  to over 6,000 feet a t  a d i s t a n c e  of 45 to  20 miles f rom 

t h e  site a n d  shade t h e  i n s t r u m e n t  a t  sun angles below 3' f rom the 

horizontal (see Table 1 .1  f o r  angular elevations of  t e r r a i n  obs t ruc t ions) .  

1.3 Methods of Data Collection 

The cl imatic data  a t  Watana a r e  collected using a Model 5100 Weather  W i z a r d  

Digital Wea the r  Stat ion,  manufactured by Meteorology Research,  i nc. ,  now 

pa r t  of Bei for t  I ns t rumen t  Company. The Weather W i z a r d  measures, 

processes. and records several weather  parameters ,  which a r e  described 

below. A 12-volt power supply powers the  station and i s  kept charged by 



a s o l a r  panel .  D a t a  a r e  recorded on a l ow- tempera tu re  c a s s e t t e  tape a t  

30-minute i n te r va i s .  F i f teen-minute recording intervals were used prior to 

October 5, 1983. The station i s  v is i ted  approx imate ly  once per m o n t h  for  

maintenance and  repa i rs ,  and to  re t r i eve  t h e  d a t a  tapes .  

Recorded d a t a  include instantaneous va lues of temperature,  re la t i i l e  

humidity, solar radiation in tensi ty ,  longwave radiation i n t e n s i t y ,  a n d  

b a t t e r y  voltaye; the cumulat ive amount of precipi tat ion measured s ince the  

l a s t  reset ;  a n d  several wind p a r a m e t e r s .  Wind d i rec t i on  i s  sampled e v e r y  

15 seconds and averaged over the recording interval .  W i n d  speed is 

measured by counting each revolution of t h e  cup anemometer a n d  ave rag ing  

the  speed over t h e  recording in terval  (15 or  30 minutes).  The f a s t e s t  

15-second a v e r a g e  speed f o r  t h e  in terva l  i s  repo r ted  a s  t h e  peak gust. 

The anemometer and wind v a n e  a r e  p a r t  of a sensor  a r r a y  mounted a"cp a 

3.5-meter tripod adjacent to  t h e  recorder shelter. The sensor ar ray  a l s o  

contains a short  boom w i t h  a radiation shield for t he  t empera tu re  arid 

relative humidity sensors.  A s o l a r  r a d i a t i o n  sensor  and longwave rad ia t ioa 

sensor a r e  located on a separa te  platform 10 meters  to t h e  n o r t h w e s t  f rom 

t h e  main platform. The solar  sensor i s  i ns ta l led  facing v e r t i c a l l y  u p w a r d  

atop a 1.5-meter tripod. 

The t ipping-bucket rain gage is mounted o n  a 0.6-meter post  a n d  plumbed 

vertically. It i s  installed wi th in  a l*yoming gage t o  reduce  t h e  ef fects  of 

w i d  o n  the  catch of r a i n  and s n o w .  P r i o r  to December. 1983, a n  electric 

heater was added as  p a r t  of the  gage  t o  pe rm i t  w i n t e r  prec ip i tat ion 

measurement.  In recent win te rs ,  however, the power supply has  not been 

ava i lab le ,  so a n  accumulat ing gage  has been i ns ta l l ed  through t h e  win te r .  

Table 1.2 descr ibes sensor types arid per formance cha rac te r i s t i c s  f o r  each 

parameter .  The performance characteristics were pr-ovided by M R I .  

Conversion factors For tt-re uni ts  ar-e provided in t h e  append ix .  b r n g w a v e  

sensor characteristics were  spec i f ied by Eppley Labor-atory, 1 nc.  



~ 1 . 4  S t a t i o n  History 

T h e  Watana  Stat ion was insta l led on A p r i l  8, 1980. It was chosen as  the 

in i t ia l  exper-imental s i t e  f o r  t h e  Weather W i z a r d s  due to  i t s  p r o x i m i t y  to the 

Watana  base camp. This repor t  covers t h e  period f r o m  October  1983 to 

December 1984 only. There a r e  t h r e e  prev ious d a t a  repor-ts f o r  th is  

station : 

Report  Period Covered 

October  1981 - September 1982 

1 .  Processed Cl imat ic D a t a  A p r i l  1980 - September 1981 

Volubme 5 

Watana S ta t ion  (No. 0650) 

Mar@h 1982 (R&M Consul tants)  

2 .  Processed Climat ic Da ta  

Vo%ume 5 

Watana  Station (No. 0650) 

December 1982 (RCM @onsultantr;d 

3 ,  Processed Climat ic D a t a  October 1982 - Septembei- 1983 

Volume IV 

Watana S t a t i o n  (No. 0650) 

June 1984 (RGM Consul tants)  

Tables i . 3  through 1.6 l i s t  t he  inspect ion da tes  a n d  maintenance performed 

f o r  t h e  station, s ign i f i can t  d a t a  g a p s ,  ad jus tments  to  raw da ta ,  and va lues  

t h a t  have been est imated where d a t a  are missing. Periods w i th  more t h a n  

one h o u r  of miss ing d a t a  are s h o w n  o n  Table 1.4. I n te rm i t t en t  gaps  in 

t h e  wind d a t a  occur f requen t l y  in t h e  w i n t e r  and are  not ident i f ied 

individually. The n u m b e r  of miss ing  days for these cases i s  approx imated  

by the  total number o f  miss ing hours dur ing the  per iod.  The beginning 

and ending da tes  for  t h e  da ta  gaps a n d  f o r  t h e  a d j u s t m e n t s  t o  r a w  d a t a  

cor re la te  w i t h  t h e  inspect ion a n d  maintenance da tes .  Relat ive humidit). 

da ta  f o r  measurements w i th  w ind speeds less than 1.0 rn/sec ar-e not valid 

and thus n o t  used in calculat ing t h e  percentage of t o t a l  observat ions For 

each month, which a r e  tabulated in Tab le  2 .2 .  However, these miss ing  RH 

values do not const i tute data gaps in Table 1 .+. 



T A B L E  1 . 1 .  ANGULAR ELEVATlONS OF TERRAIN OBSTRUCTIONS 

AROUND WATANA WEATHER STATION 

A z i m u t h  ( I  ) 

(True) 

Elevation (2)  

(ft, Mse) 

Vertical 

A n g l e ( 3 )  

(1)  Az imuth angles a r e  in  degrees f rom t rue n o r t h .  

( 2 )  Elevat ions were obtained f r o m  U. S .  G . S 1 : 250,000 scale maps.  P o i n t s  

used were selected mountain peaks  a n d  other f ea tu res  surroundiclg 

the  weather stat ion. Elevation d i f fe rences  from t h e  w e a t h e r  station a t  

2300 ft, msi .  a n d  horizontal  d is tances  were used to t r i a n g u l a t e  t h e  

vert ica l  a n g l e s .  

(3)  Vertical angles a r e  measured above the  horizontal.  



T A B L l  3,2 O E S C ; M I P T I O N  OF MElEOROlOGlC S E N S O R S  

Tempera t o r e  1'5 I O U  

R e l a t i v e l f u m i d i t y  PCRC-11 
E: f ec t ro-  t411rn i d i t y  

Senso r  

S o l a r  R a d i a t i o n  l i S  1000 
Photo  V o i t a i c  

Py t-a noinf: t e  r 

1-os~gwa ve Aa t i  i a t i or1 P I R  

P r e c i p i t a t i o n  $5  100 

\d i  nrf Speed 

W ~ n d  Direction 

1--" 
B 

w 

M a n u f a c t u r e r  --...---- ---- De sc - r a t i o n  

ME( I Linearized T h e r m i s t o r  

Phys-Chemical Exposed c i rutr i t e l emen t 
Research C o r p .  Senses c i i a n g e s  i r t  RM by 

c h a n g e s  i n  impedance 

RtiO S i  yma G o r p ,  reorye rr ter re-Corrtpcnsa t e d  
Stircon Pho&ovoltaic Cell 

Eppley L a b o r a t o r y  t n c .  P r e c i  s i c ~ i l  l a r f r d r a d  
Mad i omete r t b~yrgeomete r ) 

Mk7 1 T i p p i n g  i3uckee R a i n  Cage 

CLIP Anemornett;. r 
( v e f - e i c a l  a x i s )  

S e n s i t i v e  V a n e  d r i v i n g  0 t o  3 5 9 O  
a 360' P i a s o . ~ c  film 
P o t e n t  iometor 



TABLE 1.3. INSPECTION DATES AND MAINTENANCE 

WATANA CLfMATE STATlON 

OCTOBER 1983 TO DECEhlBER 1984 

l nspection Date Maintenance 

Re-instai led s ta t ion .  Connected precip-  

iation, solar, a n d  longwave sensors .  

R H  sensor cal ibrated.  

Precipi tat ion gage disconnected. 

Longwave amp. removed. 

RH sensor calibrated. 

Nane. 

Replaced longwave amp.  

Connected precipitation gage. 

N a n e .  

None. 

Replaced RH sensor .  Sensor a r r a y  dis- 

connected for 4 hours f o r  annual 

maintenance. 

RH sensor calibrated. S o l a r  sensor 

removed. 

None. 

Removed prec ip t i ta t ion  gage. 

l nstalled new s o l a r  sensor .  Removed 

longwave sensor.  l nsta i led new 

Weather W i z a r d .  

None. 

Rl-I sensor calibrated. 

Scrtar panel disconnected. 

NOTE: Inspect ions noted whei-e no maintenance was performed are dates 

when casset te  tapes  were replaced. 



TABLE 1.4. EXPLANATION O F  DATA GAPS 
WATANA CLIMATE STATIOQ 

OCTOBER 5983 TO DECEMBER I 8 8 4  

&r,roxinate firs. of Missing Days by Para ine tec  
P e r i o d  -- 1 einp R t-t wC--- - --- WD ~ r e ~  i p - -- Sodas LW E x g l a i a a t i o n  -- G u s t  

10P30 - 40/31/83 0 . 5  Frozen wind  vane  Q i nkermi  i t e n t  j 

32i5  - 5 /22 /84  178 WPA camp s h u t  down F o r  w i n t e r  

Preeipieatisn gage  n o t  connected 

F r ~ z s n  wind  gage  

7 Prob!em w i t h  electrical system 

4 Probiern w i t h  etectricaf system 

5 Problem w i t h  electrical sys tem 

Sensor a r r ay  d i sconnected fair annlaa t 
ma i n t e n a  nee 

8 / 2 6  - 10/5/84 40  S o  l a r sensor removed 

7 2 / 3 0  - 12/13/84 3 3 3 3 3 3 B a t t e r y  low 

12/34 - 32/49/84 3 3 a 3 3 3 B a t t e r y  law 
3 

92/49 - 12/31/84 12 12 12 12 12 12 B a t t e r y  d i e d  

NOTES: 

( 1 ) Prec  t p i  t a t  ton d a z a  a r e  r epor ted  f a r  October and Edo\/ember, 1983 since t h 2  ,a Mpping bucket gage was h e a t e d ,  
The gage  was d isconnected s n  5 2 / 2 / 8 3 .  

[215 Qr-clz i p i  t a t  t ~ n  d a t a  a r e  n o t  cot leeter j  f r om December 1983 t h r o u g h  M a r c h  1984 and October  th rough December 
1984.  Coi l e c tn r  t s  n o t  designed f o r  w i n t e r  t empera tu res .  



TABLE 1.5. ADJUSTMENTS MADE TO RAW DATA 

W A T A W  CLIMATE STr%TmfON 

OCTOBER 1 9 a  TO DECEMBER 4984 

Solar  Radiation 

Adjustment 

Ft H 

A d j u s t m e n t  

-12 R H  Points 



TABLE 1 . 6 .  ESTIMATED MDSSING DATA 
WATAMA CL I MA1 E SPAT B ON 

OCTOBER 7983 TO DECEMBER 1984 

Time 
D a t e  --- fAm 

Temp W S  
0 mi51 

NOTES:  

1 .  These data have been e s t i m a t e d  where g a p s  exist i n  t h e  record. E s t i n ~ a t e s  were  made by i n t e r p o l a t i n g  between v a l i d  d a t a  points 
preceding a n d  f o l  fowing t h e  missing d a t a ,  

2, P r e c i p i t a t i o n v a l t i e s a r e  theamoun tses . r ; ima ted  t o h a v e  failen i n  t he  preceding half-hour. 







2.0  ANNUAL DATA SUMMARY 

Table 2 . 1  p resen t s  a summary of the monthly averages o r  t o t a l s  fcl- each 

parameter  f o r  t h e  f u l l  period covered by t h i s  repor t ,  October 1983 to  

December 1984. The symbols used in t h e  table are  exp la ined  in Section 3, 

Report  Preparat ion. Conversion factors a r e  provided i n  t h e  appendix .  

The d a t a  reported herein a r e  also summar ized  in F igu re  2 . 1 ,  a sequen t ia l  

plot of all t he  measured parameters excep t  longwave radiat ion. Annua l  

summaries f o r  pr ior y e a r s  a r e  provided in the previous da ta  report  (RGM 

ConsuDtants, 1984). 

With th is repor t ,  a shift  has  been made f rom present ing  t h e  cl imat ic d a t a  

on a w a t e r  y e a r  bas is  to presenting it for the  calendar  yea r .  The 

calendar yea r  fo rmat  matches tha t  used by the National Oceanic a n d  

Atmospher ic Adminis t rat ion (NOAA) in repor t i ng  c l imat ic d a t a ,  and 

simplif ies comparisons. F u t u r e  repor ts  w i l l  a l so  be f o r  ca lendar  y e a r s .  

A summary of the  percentage of usable  d a t a  recovered for  each cl imat ic 

parameter  by month during t h i s  report ing period i s  presented  in Table 

2 . 2 .  The cumula t ive  percentage in  t h i s  case appl ies f o r  t h e  whole 

15-month period. 



TAWL-I-T 2 .  1 
SUMMARY O F  CLIMATE DATA RECORDED AT WATANA STATION (NO.  0 6 5 0 )  

OCTOBER 1983 TO DECEMBER 1984 

Temperatalre - Wind ---- 
Max Max T o t a  i 

Re s Res Ave CLI s t, G u s t  P ' V a  l Mean Mean S o l a r  
Max M i n  Mean D i  r. Speed Speed D i  r. Speed D i  r .  R M  DP P r e c i p  Energy 

M a r  L o C )  ( O C E .  G r e  [ m / s e c I  i ~ i / s e c )  f 'T rue1 (m/sec) ( " T r u e )  L2c.k j m m l  [ \ 4 ~ / r n ~ ] -  

1983 
O c t o b e r  M Pi M M k4 M 

Feb r ~ i a  r y  - 2 . 3  - 2 6 .  3 - 1 2 . i ~  078 3.7 4 . 1  974 41b.5 ENE 77 M M 2 6 , 7 2 5  

Ma rek; 4 . 5  -75.8 - 3 . 8  068  2 . 9  3 . 2  089 12.1 ENE 75 -7,6M M 93,110 

Apri  D 7 .5  -13.2 -2 .4  052 1.8  2 .8  289 1 4 . 0  E N E  7 0 M M 151,060 

Sepember 15 .5  - 3 . 0  6 . 4  049 7 . 8  2 . 5  075 12- I EME 62 P4 29.8lsj M 

December M M t w f  M PI M 14 M M M M F3 Pi 

NOTE:  See s e c t i o n  on  i r l t c r p r e t a t  son of  d a t a  f o r  ex$lanation or symbols u s e d .  Annt la  l v a l u e s  a r e  f o r  w a t e r  y e a r  ( W V )  and ~ a f , u n d : ~ r  
y e a s  j C Y j .  



TABLE 2.2 PERCENT O F  TOTAL POSSIBLE OBSERVATOQNS 
RECORDED A T  WATAMA CLIMATE S T A r l O M  

OCTOBER 1983 t o  DECEMBER 1984 

Wind W i nd Peak S o l a r  Dew Longwave 
P-9 Q n t i-I Pe= -- Speed --- D i  r e c t  i o n  Ccr st, .-- RH Po"@@ i p -- R a c f i a t i o ~ r  P o i n t  - R a d i a t i o a ~  -- 

O c  t o b r  r 1983 4 6  46 44 ti 6 f% 3 46 46 4 3  4 6  

Ma rch 

A p r i  ! 

May I00 100 98 4 00 93 26 100 93 29 

Decembe r 

T o e a  t 

N O T E S :  

( 1 ) RH a n d  dew p o i n t  d a t a  a r e  n o t  va l i d  and have been d i s c a r d e d  f o r  samples  when t h e  wind speed i s  less than 1 . 0  m/s, 

( 2 )  Precipitation d a t a  a r e  n o t  recorded f r o m  December 3983 through M a r c h  4984. C o l l e c ~ a r  i s  n rsudes igned  f o r  w i n t e r  t e m p e r a t u r e s .  
P r e c  i p  i eat .  i o n  d a e a  a re repor ted f o r  October- and November 1083, however s i nce  t h e  t i pp ing-bucket g a g e  w a s  heat.er4, 
The gage, was  d I sconnected sn 12/2/83. 

( 3 )  T i l e  pe rcen tage  reported a s  T O T A L  i s  f o r  t he  full 35-nlonth p e r i o d  ( 1 0 f 8 3  - 1 2 / 8 4 ] .  



- . - - ------ - -  ---..--- 
July, $9584 

FIGURE 2,8. 

SEQUENTIAL PLOT 
OF CLBYATlC DATA, 
WATANA STAV$OW, 
OCTOBER 9 9841- 
DECEMBER 198%. 
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" - . -  - "  

Dsccmbar , b9Q3 Janua ry ,  19@$ 
*-<--"? 

W T E I  PRECIPITRTIOM YRCUES RECORDED NOT R P P L E C R ~ E  THXS SDHTH $ MUTE8 PIlECLPlPRTIW W V E S  RECORDED i 

-- - -  - -  - -  --- - - - -- - - - --- - -  - --- 
M a y ,  198% June, 11984 July, 1984 
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3,O REPORT PREPARATION 

3 I Description of Symbols Used in  Annual a n d  Monthly Summaries 

3 .1 .1  Annual Summary 

Blank en t r ies  for monthly values indicate the  s ta t ion  had  

n o t  ye-t been installed a t  t h e  site o r  that it had been 

removed pr ior  to  t h a t  m o n t h .  I n s t a l l a t i o n  and removal da tes  

a re  noted on the  table as  wel l .  

I n s u f f i c i e n t  or  par t ia l  d a t a .  M fol lows ave rage  and/or total 

values if 1-9 daily va lues  were missing da ta  for a l l  o r  p a r t  

of t h e  day .  M appears  alone f o r  the  month if 10 o r  more 

daily va lues  were miss ing  o r  contained missing d a t a .  

Parentheses surround the  M where  other  l e t t e r s  may cause 

confusion ( i .  e. in prevailing d i rec t ion) .  ivl fol lows ave rage  

and/or total values  f o r  the  year  if a n y  month was m i s s i n g  

d a t a .  M appears  alone for t h e  y e a r  i f  a n y  m o n t h  was 

miss ing enough data  to  require it to have a n  M alone or  if 

t h ree  or  more months were miss ing any d a t a .  

3.1 - 2  Monthly Summaries  

&&** Erroneous o r  miss ing  d a t a  (may  be f r o m  2 to 6 a s t e r i s k s ,  

depending on n u m b e r  of digits possible in t h e  v a l u e ) .  

A s t e r i s k s  appear  in  place of the value if all read ings  

required for determination of the tab le  value w e r e  m iss ing .  

A dash in  the hourly precipi tat ion table indicates the 

valeirne for t h a t  hour i s  rao"i&cnobvn, but the  curnula"cive total 

of p rec ip i ta t ion  over t h e  i n t e r v a l  of consecut ive dad-ed 

hou r s  i s  included in the n e x t  h o u r  svllere a value i s  



r e p o r t e d .  Sir i l i lar iy, a d a s h  fm prec ip i ta t ion in  t he  monthly 

summary tab le  ind ica tes  t h e  volume for  t ha t  day  i s  not 

known, but  t h e  cumuIat ive to ta l  ove r  the interval  of 

consecut ive  dashed d a y s  i s  included in the n e x t  day w h e r e  

a value  i s  repor ted*  

3 , 2  Data  Computation S t a n d a r d s  (Climate) 

Conver-sion fac to rs  fo r  units a r e  presented in  t h e  a p p e n d i x  Speci f ic  

segments of the  monthly repor ts  a re  described below. 

3 .2 .1  GrapkicaF Data PIst 

The d a t a  plot i s  a graphical  representat ion of valid recorded 

and /o r  compi l ted d a t a .  

3 . 2 . 2  Hourly Precipi tat ion Summary Table 
- 

Hourly precipitation values  a r e  calculated as the  d i f fe rence  

between valid (current  a n d  preceding) consecutive hourly 

read ings .  When e i t he r  of these hourly p r e c i p i t a t i o n  readings a r e  

invalid, no v a l u e  i s  r epo r t ed  fo r  t h e  curc-ent h o u r .  No t a b l e  i s  

published for  t h e  w i n t e r  r n ~ n t h s  (Oc tober  through March)  un less  

a h e a t e r  Is par3 of t h e  tipping bucket  ins"callation. 

3 .2 .3  Monthly Sumn~ary Table 

1 .  Maximum daily a n d  monthly tempera tu res  a re  de te rm ined  

f r om  a l l  valid recorded t e m p e r a t u r e s .  

2 .  Minimum daily a n d  monthly tempera tu res  are  determined 

from all valid recorded ternperatu res  . 



3 .  Mean daily a n d  monthly temperatures a r e  deter-mined f rom 

a l l  valid recorded t e m p e r a t u  r e r .  The meal? daily 

t empera tu re  i s  determined f rom t h e  mean of t h e  maximum 

and minimum tempera tu res .  The mean monthly t e m p e r a t u r e  

i s  determined f r o m  t h e  mean of a l l  r e p o r t e d  daily fnean 

temper-atu r e s .  

4. R e s u l t a n t  daily and  monthly  wind  directions a n d  speeds are 

s u m m e d  vectoriaiiy from all valid readings. 

5. Average daily and monthly w i n d  speeds a r e  determined f rom 

ali valid readings ( a r i thme t i c  m e a n ) .  

6. Maximum daily and monthly gust  speeds a r e  determined from 

a l l  valid read ings.  Assoc ia ted  d i r e c t i o n s  a r e  t h e  r e s u l t a n t  

d i rect ions from the  recording i n t e r v a l  in which the  peak 

i n t e r v a l  gust was o b s e r v e d .  

7. P reva i l i ng  daily and monthly d i rect ions are  determined f rom 

all vai id readings. The reported value i s  t h e  most frequent  

direction observed. 

8. Mean daily and monthly relative humidi t ies a r e  determined 

from all valid read ings (armithrnetic mean) .  When t h e  w ind  

speed i s  less than 1 m/sec. the  RH value i s  omi t ted from 

t h e  averag ing  ( b u t  i s  displayed in  t h e  graphica l  d a t a  plot 

and in the  t h r e e - h o u r  t a b l e ) .  

9 .  Mean daily and monthly dewpoint temperatures a r e  

determined f rom all valid read ings (arithmetic mean) .  

Dewpoints a r e  omit ted when t h e  wind speed i s  less t han  

1 m/s, when t h e  dewpo in t  ca t cu ia tes  to a value g r e a t e r  than 

the recorded  temperature ,  o r  when the  dewpoint calculates 



t o  less than minus 47 degrees o r  more than 27 degrees 

Cent igrade,  

10. Daily a n d  m o ~ t h l y  prec ip i ta t ion values a r e  determined f rum 

a l l  valid readings. 

1 1 .  Daily and monthly solar e n e r g y  va lues  a re  determined f r om 

a l l  valid readings.  Daily s o l a r  energy  ( in  w a t t - h o u r s  per 

s q u a r e  mete r )  i s  d e t e r m i n e d  by averag ing  t h e  r e c o r d e d  

solar in ter ls i ty  (which i s  in mi l l iwatts per square cent imeter )  

a n d  conver t ing  the  units.  The monthly va lue  i s  t h e  sum of 

the daily va lues.  

3 . 2 . 4  Three-Hour Summary Tables 

1.  The tempera tu re  r epo r t ed  i s  t h e  temperature recorded a t  

the  specif ied t ime. 

2 . The dewpoint  temperature  reported i s  the  dewpoi n t  

calculated a t  t h e  specif ied t ime. Dewpoints a r e  omit ted 

when t h e  wind speed i s  less t h a n  1 m/s, when t h e  d e w p o i n t  

i s  calculated to a value g rea te r  t h a n  t h e  recorded 

tempera tu re ,  o r  when t h e  dewpaint calculates to  less than 

minus 47 degrees o r  more than 27 degrees cent igrade,  o r  

when e i ther  the  temperature o r  R .  H.  reading i s  inval id.  

3 .  The re l a t i ve  humidity r e p o r t e d  i s  t h e  humidity recorded  a t  

the speci f ied t ime.  

4 .  The w ind  direction reported i s  t h e  three-hour vec to r ia l  

r e s u l t a n t  sum of d a t a  recorded up to  t h e  specified t i r e .  

5 .  The w i n d  speed r e p o r t e d  i s  t h e  th r -ee -hou r  vector ia l  

r e s u l t a n t  of d a t a  recorded up to  t h e  speci f ied t i m e .  



6. f he gust direction reported i s  t h e  direction of the maximum 

g u s t  recorded during the  preceding th ree-hour  period. 

* 

7 .  7"he gust  reported i s  t h e  maximum recorded during the  

th ree-  hou r period. 

8 .  The radiation reported i s  t h e  solar radiation in tensi ty  

recorded a t  thg speci f ied t ime. 

3.2 .5  Wind Frequency Summary Table 

Reported d a t a  a r e  determined f rom all val id p a i r s  of read ings .  Valid 

p a i r s  of  w ind  d a t a  a r e  composed of valid w ind  speed a n d  wind 

direction d a t a  f o r  the  same interval.  

3 . 2 . 6  Hourly Solar Rad ia t i on  Table 

An additiorr to th is  year ' s  repor t  ser ies,  hourly s o l a r  radiation va lues  

a r e  averages of a l l  valid readings recorded dur ing  the preceding 

h o u r .  If a n y  d a t a  a r e  missing or invalid, t h e  remaining values a r e  

arithmetically averaged f o r  t h e  hour.  The daily a v e r a g e  v a l u e s  a re  

determined by summing the  hourly averages for  t he  d a y  a n d  dividing 

by 24. I f  all d a t a  a r e  m iss ing  fo r  the hour, n o  value i s  printed; 

a s t e r i s k s  (***) appea r  instead, a n d  no value  i s  used f o r  t h e  hour in 

computing the daily average. 

3 . 2 . 7  Hourly Longwave Radia t ion Table (Watana and E k l u t n a  Stations Only)  

Another  addition t o  t h i s  y e a r ' s  r epo r t  ser ies ,  hourly longwave 

r a d i a t i o n  values a r e  averages  of a i l  valid r e a d i n g s  recor-ded d u r i n g  

t he  preceding hour. If a n y  d a t a  are  m i s s i n g  or  invalid, the  

remai f i ing  va lues  a r e  ar i thmet ica l ly  averaged for  t h e  hour.  The daily 

ave rage  values  a r e  df?termined by s u m m i n g  t h e  h o ~ l r l y  averages  f o r  

t h e  day and dividing by 14,  i f  a l l  d a t a  a r e  miss ing  fo r  the h o u r ,  no 



va lue  i s  printed; a s t e r i s k s  (***I a p p e a r  instead, a n d  no value is used 

for t h e  hour in comput ing the daily average. 

3.2.8 Wind Rose Graphical  Plot 

The plot i s  a graphical  representat ion of t h e  w ind  f requency summary 

table,  

3 . 2 . 9  Observation Summary Table 

Another  addition t o  t h i s  y e a r ' s  report  series i s  a n  observat ion 

summary.  The number of usable observat ions for  each parameter is 

determined by c o u n t i n g  the  n u m b e r  of valid readings f o r  the  e n t i r e  

m o n t h .  The percentage of total observations i s  determined by 

dividing t h e  n u m b e r  of usabie observations by t h e  number  possible 

f o r  t h e  month. Data  adjustments and additional c o m m e n t s  appl icable 

t o  the month are manual ly  enter$$ below t h e  s u m m a r y  table .  

3,2,18 G e n e r a l  Nates 

1. The fol lowing a r e  the  d a t a  ranges  assumed valid, b a s e d  o n  

reasonable expecta t ions  for  t h e  pa ramete rs  in south - c e n t r a l  

Alaska;  data outside these ranges a r e  not used: 

Time: 0000 th rough 2400 hours - a t  spec i f ied  t ime 

i n t e r va l s .  

Temperature:  -50 tlirough '35 ' C  

Wind Speed: 0 t h r o u g h  99.9 meters  per  second arid less  

t h a n  or  e q u a l  t o  GUST 

Direct ion: 0 t h r o u g h  360 degrees 



Rela t ive  Humid i ty :  0 t h r o u g h  99 per4cent 

Precipi tat ion:  0 through 99.8 mm. Prec ip i ta t ion during 

reco rd i ng  i n t e r v a l  (15 o r  30 minutes)  should not exceed 30 

mm. 

Solar: 0 through 150 mi l l iwat ts /cm 2 

G u s t :  0 through 99.9 rn/sec 

Ba t te r y :  9 t h r o u g l l  14 .5  volts 

2 .  Accuracy of  t h e  M R I  (Meteorology Research, I n c . )  sensors 

and processor- a re  as fo l lows:  

Tempera tu re :  61°C 

Wind Speed: 20.5 meters  p e r  second 

W i n d  Direction: i:l$ o f  f u l l  scale ( i . e . ,  23.6 degrees) 

Relative H u m i d i t y :  26% 

Prec ip i ta t ion:  21% up to  76.2 mm/hr,  25% From 76 .2  rnrn/hr 

t o  254 mm/h r 

Soiar Rad ia t i on :  25mw cm 
-2 

Tape Recorder E r r o r  R a t e :  1 bit  in '80 7 

3. The fo l l ow ing  a r e  the  direct ion ranges used in the  

p reva i l ing  direction, w ind  f requency  a n d  wind rose 

summaries : 



DIRECTION 

North 

Nor th-Nor theast  

Nor theast  

Eas"i:-ootheast 

E a s t  

E a s t - S o u t h e a s t  

Southeast 

S o u t h - S o u t h e a s t  

South 

South-Southwest 

Southwest 

West -South~ j tes t  

West  

West -Nor thwest  

P4orthwest 

North-Northwest 

COMPASS H E A D I N G  

350 through 11 

12 t h r - o u g h  34 

35 through 56 

57 through 79 

80 through 101 

102 through 124 

125 through 146 

147 th rough  169 

170 through 191 

192 t h r o u g h  214 

215 througi l  236 

237 t h r o u g h  259 

260 through 281 

282 through 304 

305 th rough 326 

327 through 349 



4.1 General  Comments 

4 . 1 . 1  Many of t h e  sensors o r  the  methods of measur ing  var ious 
0 

parameters  hawe pe~u l i a r i t i e s  tha t  a f f ec t  how t h e  d a t a  

should b e  interpreted. The user is encguraged t o  become 

fam i l i a r  w i t h  the  meihods of summation for each pa ramete r  

and each tab le ,  These. a re  described in  Section 3 .2  "Da ta  

Computation Standa rds .  " 

4 . 1 . 2  As  described i n  Section 2.3, a sh i f t  i s  being made f rom 

presen t ing  t he  c l imat ic  d a t a  on a wa te r  yea r  b a s i s  to 

presenting it f o r  t he  calendar yea r .  Thus, t h i s  report  

includes f i f teen  months sf d a t a .  All f u t u r e  reports w i l l  be 

f o r  t h e  ca lendar  y e a r .  

4 .1 .3  C h a n g e s  made t o  t h e  fo rmat  of t h i s  year 's  report ser ies  

include addition of  hourly tab les  of solar radiation a n d  

longwave radiation values a n d  tabulation of t h e  a c t ~ l a l  

~ t u m b e r  of u s a b t e  observations on a m o n t h l y  b a s i s  f o r  each 

parameter .  Also, t h e  d a t a - p r o c e s s i n g  p r o g r a m  was modi f ied 

slightly t o  permi t  ou tput  of d;.ily p r e v a i l i n g  direction when 

the  wind  speed sensor was riot operat ional ,  and o u t p u t  ef 

speed-only parameters  ( p e a k  gus t  and daily ave rage  speed) 

w h e n  t h e  wind  direction sensor  was not operat ional .  

4 . 1 . 4  The U .S .  D e p a r t m e n t  of T ranspo r ta t i on  ordered a sh i f t  in 

the t ime zones of c e n t r a l  aazd Southea t  Alaska  in  October 

1953. The off ic ia l  t ime i n  central  A I a s k a  was advanced  arlre 

hour,  a n d  the  of f ica i  Southeast A l a s k a  t i m e  kvas retar-ded 

one h o u r ,  m a k i n g  the t w o  a r e a s  rn the s a m e  t ime.  T h i s  

transi"cion occurred when dayliy h"cs%k.ings t ime ended, o n  

S u n d a y ,  October 30, 1953. The e f fec t  on t h e  repor t ing  of 



t h e  d a t a  i s  t h a t  one / lour -  was "lost5' betiyeen midnight a n d  

0100 on October 30. -She!-e ar-e t h u s  no data a t  all f o r  0038 

and 0100 on t ha t  da te .  

4 . 1 . 5  Missing d a t a  va lues  h a v e  been estiinated where possible. 

Est imat ion,  which was accomplished by manua l l y  edit ing the  

raw computer da ta  f i l es ,  was gene!-ally limited to d a t a  g a p s  

of a n  hour -  or  less, w h e r e  interpotatian between the  

preceding 2nd fo l lowing valid d a t a  points could be used to 

estimate t he  miss ing  points.  interpolation was performed in  

th is  m a n n e r  tor  temperature,  relat ive humidity, s o l a r  

radiation, and longwave radiation d a t a .  

Solar d a t a  have been est imated only for -fc?ar or* unifor-mly 

cloudy days  3 r d  t h e n  only i f  not n e a r  t h e  peak  va lue  of t h e  

day .  Precipi tat ion i s  estimated only if none a t  all occur-red 

dur-ing the in terval  o r  if t he  tips of t h e  t ipping bucket 

were m a n u ~ i l y  counted during a ra in fa l l  event .  Wind speed 

and d i rec t ion  d a t a  have been es t imated by in te rpo la t ion  only 

if t he  preceding a n d  follow in^ w i n d s  w e r e  v e r y  unifoi"m. 

P e a k  gust  speeds h a v e  not been es t imated a t  a l l .  

4 . 1 . 6  The recoi-ding inter-val was changed p r i o r  to  t h e  w i n t e r  o f  

1983-83 to permit recording of da t a  for longer per iods of 

t ime  in  t h e  e v e n t  m o n t h l y  maintenance t r ips  t o  t h e  stat ion 

w e r e  delayed. The inter-val was cix-mged f r o m  15 minutes  to  

31: n , i n u t e s ,  w h i c h  increased the  m a x i m ~ m  record length p e r  

d a t a  t a p e  f r o m  approximate ly  s t x  ~veeks tcs approxima"r.e!.q 

t h r e e  rnon tks ,  The switch was made i n  Movers.lber "198 3at 

a31 S u s i t n a  B a s i n  s t a t ions  and rn December* 1983 a t  t h e  

Eklutna La l ie  S t a t i o n .  

4 . 1 . 7  A nebv Weather  %Vizard n:-7del b a s  ~ n s t a l l e d  an October  5, 

3984 a t  t h e  hiatsna Statior-r. 7"he new rnr2def t-ecou-ds d a t a  a s  



ave rages  of sarnples taken w i t h i n  t he  record ing  i n t e r v a l  ( t h e  

prev ious 30 m i n u t e s ) .  The original \%/eather Wizards  r-ecord 

i n s t a n t a n e o u s  va lues  of all parameters  e x c e p t  w i n d  speed 

and d i rect ion.  Also, t h e  new mode! t a k e s  samples eveimy 10 

seconds, rather.  than ever-y 15 seconds, f o r  w ind  speed and 

d i rect ion.  The new Weather W i z a r d  also repor ts  sigina 

"theta, the  starzdard deviat ion o f  t h e  w i n d  d i r ec t i on  samples 

over  t h e  recording interval. The sigma t h e t a  d a t a  a r e  not 

s~jw7marized in  t h e  current  report,  but i t  rs expec ted  t h a t  

t hey  wi l l  be included in f u t u r e  summary  reports .  

4 .  I .8  D a t a  for all parameters  wer=e lost fr-om 7/14 t o  7/21,  7 / 2 6  to 

7/30,  and S i l  to 8/6 because of e lec t r ica l  problems in t h e  

Weathsr  W i z a r d .  Also, d a t a  f o r  att  paranteters w e r e  last 

fron2 12/70 t o  12/13, 12/14 to 12/17 ,  and 12/19 t o  17/31 in  

1984 due  to power f a i l u r e s .  These g a p s  a r e  noted on Tab le  

1 .4  a n d  a re  shown graphical ly on F igure  2 . 1 .  

4 . 2  C o m m e n t s  on Specific Paramete r s  

4 . 2 . 1  Precipi tat ion 

Precipitation d a t a  a r e  gene ra l ly  r*eported for April through 

September on ly .  The s t a t i o n s  do not have heaters  in  t h e i r  

p rec i p i t a t i on  sensors ( t ipping buckets ) ,  so they a re  unable 

to record  p r e c i p i t a t i o n  when t h e  terngerat~ir-e i s  Enclow 

f r eez i ng .  The  senso rs  a r e  calibrated to " t i p  for  0 . 2  ram of 

r a i n f a l l  a n d  nist For- s n a ~ v f a l l .  The sub- f  r-eezing 

tempel-atures may cause  a l o s s  ar a de lay  of the  r-ecot-ded 

p r e c i p i t a t i o n .  W i n d s  f r e q u e n t l y  blow snow swab f r o m  o r  out  

of  (o r  occasional ly  i n t o )  t h e  collector, and snow collected in  

t h e  bucket  may not be malted a n d  r-ecorded u n t i l  t h e  n e x t  

occurrence sf w a r m  w e a t h e r ,  possibly d a y s  o r  w e e k s  Eater .  

The morlths of October t h t - o u g h  Mapch v e r y  of ten h a v e  



sub- f reez ing  temperatures on near ly  eve ry  day of t h e  

month, so their p rec i p i t a t i o r~  records h ~ v e  been omitted. It 

should be noted t h a t  even in  t h e  m o n t h s  where  p rec ip i ta t ion  

d a t a  a re  repor ted  ( i . e .  A p r i l  t h rough  September) ,  t h e  

occurrence of  sub-freezing temperatures could a f f e c t  the  

t im ing  and the recorded a m o u n t  of precipitation. The  

t i m i n g  wi th i r i  t h e  day may not be a c c u r a t e ,  but the daily 

to ta l  should h e  reasonable. The  user sE~ou6d e x e r c i s e  

catm"kion a n d  make note of t he  concurrent  t e m p e r a h r e s  i n  

interpreting the prec ip i ta t ion records.  

An except ion to t h e  normal  sys tem of record ing  w i n t e r  

p rec ip i ta t ion  d a t a  is a t  the Watsrra s t a t i o n .  A n  AC-powered  

heater  was i n s t a l l e d  in t h e  t ipping-buclcet r a in  gage  fo r  

October and Novenlber 1983. Thus, t h e  t i m i n g  and q u a n t i t y  

of precipitation d a t a  a r e  cor rec t  and not af fec ted by 

sub f reez ing  tempera tu  r-es f o r  these months.  Data a r e  not 

repor ted a f t e r  12/2/83 when t h e  gage was  removed. 

W ~ t y n a  d a t a  a re  not recorded for April and May t h r o u g h  

5/23/84. The t ipping-bucket  r a i n  gage was not ins ta l led  

u n t i l  th is  date .  The prec ip i ta t ion g a g e  was removed a g a i n  

on 9/25/84. Therefoi-e, d a t a  f o r  t h e  l a s t  f i v e  d a y s  of 

September a r e  miss ing  also.  

4 . 2 . 2  Relative H u m i d i t y  a n d  Dewpoint 

The relative humidity ( R . H . )  sensors  used a r e  printed 

c i r c u i t  elements which sense changes i n  R .  H .  b y  cl-mnges i n  

impedance. The senso rs ,  m a n ~ i f a c t u r e d  by P i ~ y s - C h e r n  

Research  Corporation, t u v e  c h c n l ~ c a i i y - t r e a t e d  s u  ! - faces 

wh ich  degrade  w i t h  t ime,  a n d  a r e  t11us v e r y  d i f f i a ~ k  to 

keep in ca l ibra t ion.  Many of t h e  r l o n t k s  throughout  the  

yea r  (and a t  ; I /  s ta t ions)  therefor-e display s lg jn i f i cant  



var ia t ions in R .  H ,  p a t t e r n s .  Theor-et icaiIy, the r~lax i rnunr  

va lue  an RH reading can a t t a i n  i s  9900. However ,  when the  

sensor i s  not calibr-ated corr-ecly, r e a d i n g s  may exceed 101): 

o r  t hey  may b e  not icably too low.  Adjustments are  

therefore made accordingly. 

A n  add i t j o rga l  consideration w i t h  respec t  to dewpo in t  i s  t h e  

fact  t h a t  it i s  no"ce;awrpt~ted w h e n  t h e  reported w j n d  speed 

f a l l s  below 1 m/sec, due t o  inadequa te  a s p i r a t i o n  of t he  

R . H .  sensor.  This typica l ly  causes  e l iminat ion o f  a t  least 

one dewpoint va lue o n  n e a r l y  evetuy day o i  data-collect ion.  

4 . 2 . 3  Solar Radiation 

Daily a n d  monthly solar radiation va lues  at-e t he  cuimulative 

total energy,  computed from all valid r-eadings for  t h e  

period. Either t he  daily or  m o n t h l y  value  c a n  b e  s igni f i -  

cant ly  above or below t h e  t r u e  energy v a l u e  i f  there a r e  

!at-ge segrnents of m i s s i n g  read ings ( i . e .  f r o m  the  periocll of 

v e r y  low i n t e n s i t y  a t  night o r  the per iod of v e r y  h i g h  

i n t e n s i t y  a t  mid-day) .  A check should b e  made, ther-efore, 

of the hour ly  s o l a r  r-adiat ion summary t a b l e  tc~ g e t  a feel  for- 

th f requency  a n d  t i m i n g  of lost s o l a r  t--acliation d a t a .  

Caution should be used w h e n  a s ign i f i can t  atmount of d a t a  

a r e  m i s s i n g .  

Another  f requent  concern in the process ing of so ia i -  d a t a  i s  
C ' the prsesence of non-zer-o minimum va lues .  sl~-~c,e t h e  

a 
senso rs  h a v e  a stated accuracy  of 55 rnlVicrn-, t h e y  often 

record a reading of 0 (du r ing  nigl-kt) a s  1 o r  even 
3 

2 mW/cm6. This also can bias the  daily 01% iiionti-ily to ta ls ,  

mak ing  r h e  computed energy much h ~ g h e r x  than t h e  t r u e  
2 

s o l a r  er -~eryy .  A n  e r r o r  of '1 mW/cm on e v e r y  read ing  w i l l  

cause  t he  computed daily total  energy to be h i g h  by 2-10 





T h e  longwave radiation sensor f r o m  t h e  E k P u t n a  h a k e  s i t e  

was brought to Watana  fo r  a compar ison t e s t  w i t h  the 

W a t a n a  sensor in May 1983. They were wi th in  7.5: of each 

o t h e r .  



5.0 MONTHLY CLIMATIC DATA SUMMARIES 

WA-TANA STATION 

OCTOBER 1983 - DECEMBER "BM 

E a c h  month 's  c l imat ic  data  s u m m a r y  repol-t cons i s t s  of t h e  following 12  

pages : 

Hourly Precip i tat ior l  Sumniary Table (o r  note page) 

Three-Hour  Summary Table ( D a y s  1-91 

Three -Hou r  Summary Table (Days 10-18) 

Three-Hour  S u m m z r y  Table (Days  19-27) 

Three -Hou r  Summary Table ( D a y s  28-31 ) 

Monthly Sumrnary Table 

M o n t l ~ l y  Graph ica l  Plot 

Wind Frequency Summary Table 

Wind Rose Plot 

Hour ly  S o l a r  Rad ia t ion  Summary Table  

Hourly Longwave Rad ia t i on  Summary Table  

Observat ion S m n a a r y  and Note Page 
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R&M CONSUL TRNTS , INC . 
SUSITNA HYDROELECTRIC PROJECT 

WATANR WEATHER STATION 
O c t o b e - ,  1983 
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R&M CONSULTANTS, I N C ,  

SUSITNA HYDROELECTRIC PROJECT 
WATANA WERTHER STRTION 

O c t o b e r ,  I983  

NORTH * . .  " Y . . .  

WIND SPEED 
(MJS B 

WIND ROSE PLOT 
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~dditional comments on t h i s  month's d a t a :  

1. Precipitation data are reported for November since the tipping 
bucket gage was hea t ed .  The t i m i n g  and quantity of precipita- 
t i o n  are correct, 



No precipi tat ion data for December 

(See INTEWWTWTIQN OF DATA) ,  
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SUSITNA HYDROELECTRIC PROJECT 
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1, Solar  -1 ~ W / C M ~  

~dditionai comments on this month's da t a :  

1. No longwave da ta .  Watana base camp s h u t  d o w n  for w i n t e r .  



No prec ip i t a t i on  data fo r  March 
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ui; d,i< i!Ew &li-!!1 G;.S +ci3, P,X:R ?:.j~ g-kfl jdi!jg Gi iST  %A,(, *at]; F OZg s--;c igIy!-'j ;;. " m,:; 
. - .  

t:JnG i E ? V F ; : p T  ? Y  k i p ,  ~ F L I .  ! j ! R .  GQ5T :iDiii. jEnp, p g ; n ;  b : ~ ,  s p ~ l ,  o : ~ ,  ~ i j s ]  R A L ~  i.;h; r g f i m ~ ~ ~ ~  R -  j ; ;  ;.;:', - , i-llsT 44-.  ",-- - 
,It" 1 9  L, ~';$ [ '; ?EG,  ?'is gEg, $/$: 39 u - -  PEG c I!cG f x $FCC 3/S  qE5, fl/S t$ 5,- ~:~,l j  rn C, fif6 c Xi LIZ<, , ?/':: CGL,,  .m , rC .  4% . .  t 

- - - - - - - - - - . - - - - - - - - I r - - - - - - - - - - - - - - - - - - - - - - - - -  ------------I----.-------------------------- ------------------------,----,------------.,--- 

1303 - ! - . a  - i ' 4  ?? $ 4  zbj Oh? 5 , :  4 0399 -?, ' - !?, ,$ 79 079 3.5  07$ 6 . 3  Q j o n  - * . s  - I $ ;  79 ~ 5 5  5,: $51 : .- $ 

Ebd3 - : i . F j  - : h a :  ? f i  997 3 .7  O Y i  7 . 9  fl $ $ G O  - 8 , s  -!3,$ 70 168 4 .5  i i ?  7 . 0  Qho$ - 5 . h  - p , !  76 3'74 7 2 $ 6 2  :: A ,: 

SCT id  - 1 R . S - 1 5 . 2  i s  IRb fa!* 075 7 5  b Q?iJ0 - F a >  -i:.g 69 $76 3 . 6  !I74 7 .0  4 CY$q - 5 . 9  -~. i  7 d  I(?$ j . 8  ,j?o ; : , r  r 
-. " 

: ." ' 1  !! - - .  - ,7 ,4  - i > , 8  @(I  $7[1 7 , ?  1]79 31 1 3 . 2  -? ,?  - , : ? , b  65 $h4 3.8 078 1,0 42 13JO -5 ,s  - 7 . 2  71  $77 5 , s  $134 4,: 37 
! ; 9 ~  - i , j  - ~ , 7  57 E R ~  7 , 5  D F ~  l a . ;  z b  lsoa - 6 , ~  - : 1 .9  65 069 4 , ~  $76 ~ , 3  25 :s,jc - ? , 3  -b,9;: 377 z.2 $1- ', 2 :  
- " -  . 

i:$:,iil -!i.! - ! ? , a  p 7  773 ? , 7  98g R , ?  4 1R:B - $ , I  - [ ? , 2  72 063 q Z 5  $76 9 . 3  1 lmfl -2,s - 5 , ~  72 ca&,fi 4 , 4  $45 ? n { - .  
?la;t:~ -:I 4 --:5,9 79 1140 2,s fl4R 4 . 3  0 2190 -9 .P  - i f . 4  75 856 5 , s  tJ5R 7 , 0  2 - 1 , b  - 4 ,  i g; $s! 4.3 j72 7 a !: 

,*; ' 
%I I . . - -. , q &  ! - .  - - ? ,  1 : :  -Q.<: - i . o  ~9 944  :,$ 0:j 1 - b , i  - 1 0 . 2  76 033 5,: 071 7 . 0  j -1  -5.5 ;.; '5 ; ,, a, A - -- -, 

4 l 
. - - - 

, cd ;- 3. ' L k i ~  z~~~~ ~ ' l r g  + h i  ' ~~rjl'if? .. . F bi Jklj i.i\ST E A ; [ ,  ~+ i~:.:$ + .  -, pi- * $ - n ~ b  hd- fq i i  G-5.T  w ; ;  
, - --  

r . ( t ( ~ ~ [ ~  , - -??,  "i:9T tja ; ; 2 r  :I?;* G I ? &  ,zsy ? A ?  tjD"!r, T<gp, PO;??' 3~ CER, 5 ~ 3 ,  b : , ~ ,  ~ 4 5 ~  94; - $ ~ k i ;  ~ ! * a  ?i:i7!\.' 2; r , - 2  r- . -  Z r ! ,  L . -Q  . - -  b!-: .-. - f -~ : ,  - . -  

I )~~;  2 ~ 2  ( '1 T,+C~;~, 5;s f;l:c, eg pE6 f 6:C C X DEG, f l i 5  :is(;, #if ~2 -,-- . I . ~  e p;i; c ; LC<, ~is + ,  5 .dqh 

-----------f--'----------------------------..---- ---.------ ---l_----- - --------------------  -_______ - - -*111-1-*1-- - - - - - - - - - - - - - - -  * ----.-" .-----.- 
- - P n  :+I 3 : i ij - f ! 1 -3,3 85 $77 883 g , ' ?  6 83flt-j - : F  -3, ;3 $7 858 I , &  31iJ 3 , @  3 (i+G$$ - a s  g ~ q , j : +  cc I i! V !  ; =  ,j 

L .  . - .  

, - , ?  -? ,$ Rr i  <75 C J , $  Ohfi ?j,? - - 1 0 Q $ c $  -1 $6 - ? , o  ?T 557 , ' ;; 
! _ I  - I _  ,. 

I i 1 - 3 . g  ?3 t-ltL,3 ? , B  $$ l  J7!!i: . ,  & 

-7 - 5OFDil , 4  -?,28! 864 ? , b  $hi3 7 , b  7 0 9 9 0  -3,9 - 4 , ' ? 3 ?  ( t Z j  i , , ?  j . !  

, :q;; - - . ,  " - :<? . f4d qbd j , b  892 " ? , g  ?J 1?Db ! , 3  - j , b  8: 876 7 , f i  984 18 ' 2 0 8  - , Z  - I , ?  q<j $47 1 , q  2 ~ 7  1 2 =," 

" " "  - C-i 

-'I_ - -  
;silt; .,; -9 7 :  ,?Ah I , @  fib3 5 , :  25 I f $ #  5,s - I , $  69 082 7 . 3  <lP3 f g , F  23 1524 3 , 8  - , ?  7 2  Gd3 j , b  Cr' ; 4 7 2  

< i . - - -  - 
$ 8  - > 2 :  9 t t i o g  ?,3 -1,h 73 075 5 . 4  $82 fj,? 1 iCJfj9 1 , s  - i , 4  $7 $i3 9 4 $:-3 . , * 

21 ,; : 
' .  d - 5 $ 7  , 4 !j 2 . 8  .-! $6 77 $73 3 , j  376 7 . 6  8 Z ? $ $  , 9  -1  ; -  23 .;5C L i b  i,2"i -: i'l 

. ;  
f i  - , 7  -! , S  2: $ 7  $ 8  . I:i 24i30 $ 2  - ! , 4  ;? 339 3 ,8  1 i q f j ?  - j j - - - .  

- - 
, ?; -, 3749  GC:ST 6;:;; u p j g  ><d $:f4fi $ T v J  <,bzT $ A $ ,  -023 n j!: - $4 d i  T >,>, ., b:?.!~:) c,:~? *;, , 
. -. - -  

-;',rsi2 ; p - ? G ,  ~~~~~~ g w  !;:$ k'J2, i;!$y $$Q T<32 ,  3g!+T ;+ )!? + spb ,  !I? * i;usT p;$?,;& T C f i 2  , , ;  - -  * - -  - ,. - -. 
- t  l < 2 .-, " *  _?-I! I - !  ' - ,  -&.  

* 
-.." , 

' i "  .' kcI; (: y - - -  - .  - - -  - :';:- "?/5 ;I", , "fs %?$ 
Y _.  _ _. , j y g  c r i F e ;  5 2 j)?,:, !,i'? $FZp (4,t'; p~ ' b i t  .. .-I 1, IF!; C '. 2L.i. . ( q r, :,I, v, , : ,., , 

- - -  -. 
L' - -  

------------------------------------------- -----------------I-----------------------. _-_-__I---_.---I--.--__1-1---.-_1.L^I---.-(-,-__._I-_1I_ 

- .  . 
j r .  - ' q s  ,:17: 5 , $  -;$J 4: . 2 2 ;?-;3P . t .  , : ;. - ,  - 3 c)! 54: 1 . 1  ;2,LT:2 1 5  - 7 , "  ; 2 - . -  - I L . . -  .. C - . . (  J t L  

.; -J , ' - .J 

- . .  
8 ' .. 

- .  - - 2  

- -  . . 
. . . .  

I .  . - - : 2 - : 7 , :  : . i . - 7 . - 1  . \ ' . A  i D l  , , ' , - - i : " 2  L. -"'. y , , ,  ! W ' -  - 
..._ 

- -  - - . " 

- ,  . . 2 , . I  3 ,  ! : L -  - 1 e"" 7: i , 81!'sj -j.e dzG $73 2'2- . . .  ' 2 .  . j  -. . . - , 3 ' 3  , 2 :  2 . 7  . 4 I-,; 2 . 7  . . "  ' -  7 
- -  . - 

. - - - - .  . - - - ' . I . J  

z,.: . 3 g :  - 7 2 - - 
! .  . . . . .  3 . :  , $7:  3,: C n - j  5 , 7  7 -  , - - *' 

--. , .. -, , - -. 
! . ! . . -  . - - .  - - 

T 2 . - -  - -  - -  .-- - 
_ I j L  I . .  

2 -  - 
. - . . 4 "4 4 , -  A J r - > I - i ? G  - "7 {!:$ ,,)j ';';A 7 , b ,  i..::?,;: ; , 5  - .. - -  

- . . - . - < , I L 2  :. 7 , .  , .  L 4  , 2  , - L  ,-; 3 t i -2  ' !  - ' A  - 3 . .  - - 

- - .. - 
L ' 

d - "+ 81..:; 3 ;? 355 7 .', 2 j!>;{; 
. . . . 9 , . r _ -  - 

" . _' j-jh:? J 4 ."!'? 7,& . . - .  
-, - ;:( . .- z : : - ;j 'i 3 , g  -*. ;t - z  - - -  - - .- - , 4 

. .  - .  
-. " 

- 2  2 :  
- .  -!*x: - =' >r- - 

- "  - - :? tl ,- ..: ,I , 1.3 7 , 3 "  - - 7 5" .d?!; 7 -  ;iiq 5,7 j 2 ;  - - -  : il - i , a  - -  .. - . . 3 1. %A. 5 -1 - 4 '  - .. - 
; . a -  ' 6  . . - . < -  - 

- *. . . .  
. * , $ ,  : q - L x  2'7 ;I"?; I , ?  ?-2a 3 , -  

, : !  
,i Idi:;  2 6 .i >t ,  i72  5 > .::p,4 n ,  3 j ~~~~~i .. - - . . . .  g -, , -; 

i i i  
- .  - . ' j V ; , Y  .a: 1 



- - 
:; t; >. j! f: $ !z4T!j2 q>ff3 ~ r t '  : ,*-&d ,p $ 3  y!fJD GTf;li I J J ~ ; ~  $ A i ,  ?:QbP 9: d ;gGp;! v * g:~;! L!.!:,: f f \ ?  

1 ~ ~ 2 ; ~ ;  ;- --3;i, ?rj/+;T fly D l ? ,  5 2 ,  0 1 3 ,  T,dST ?A: ?!!pi< T : $ ,  ot,.ipj? Rn Dl?, S P Q ,  Dl; I;CST 463 -.!bha< Ti??, f[jYp!T gh b i q ,  , :$ I ! ,  2 I p  , G L t i -  
7 . " -  .-, ,~,.... 
y t i 2  L LII.:~ r; ;G$. 4;s D:G, p/$  :$ C DtG C X DEG, f i !S  ? { G ,  MiS EW ?-.-... YL.* c D<G 'i i:<&, ?/$ i,:~, , r. :- - Y ~i 

.--------------I-.-------------------------- - - - L . X I I - - D - - - Y I - - - - a - D - - - . ^ - - ~ - - - ~  .*l-----l---O1----.--------------^.----l-l~---"- 

" ?I,:;;;. 6 , : . $  - 1 , h  7 8  Ch'i 11,3 $95 ei,3 9 fi304 ,?  - 2 , )  79 184 3, ', gl? 5 . 7  0 $ ' j g $  -21 -h,5 ckbj ;!:,? 2 . 1  4 , i:i 
j ? c 4  - j , 2  7? :,$ 069 3:*? $hQfl - , !  - ? , 5 8 4  071 ?,j gh8 5 , t  { I ~ S $  - 6 , 4  - 7 , d  4: $0 l , f  3 ,  5 

CI n 1jr;3~\ , $  - i , f i  77 $ 5 ~  :,5 348 1 5 , ~  9 $308 - , 5  -# t ,b  77 675 ! . $  350 3 , ~  14 tj?nij - 4 , d  - / , ! :  $2 $31 I , @  0.5: 3 3 2 ;  
I 3 - , 2 7 ?  1?37 b z t  ! jFb P , 5  ?$!260 !\,5 - 1 , 3 5 L +  065 j , 7  049 3 ( ?  - 7 < z ! G  8.24 1 . 8  Q:q3 - , ?  5 d  

- 7  1 - - , r  73 09% 7 . 1  ( 9 :  l j . 5  27 1sfi~ ~ \ ' 3  - 2 , ~  62 045 1 . 3  357 5 . 2  zp l ;gg  4 . 5  - 3 . 7  56 077 j ; ?  2;: 5 7 27 
! .r, -$ - - : : ,  -.6 7 4  fR7 6 , :  ! $ , !  b :$$!"j 1 ,g -',? 71 009 1 7 $ 9 4  2,s 5 ! 2 , b  -4,; 63 $79  s , ?  Qyz f 1 " 

".? - " ' : i t i  - , b  - , f j y f ?  < ! Z L ~  (jj;iq jrqr3 ,S ZTQO - i , 8  -5,: 84 042 2.6 358 4 , 4  $ ? ] $ g  -1,ld -5 .0  ,;" :3s  1*7 2" 5 .\ -- * - . "  
. ! , 4  - i , E  iQ 3P: ' ‘ 2  095 Q,f ? 4 0 $  -3.9 - 5 . b  $8 fi!? I , ?  0 3 4  3.2 3 2445  - 4 , ?  - 6 , ~  .:< .a ri y t s 4  I . , a  -I 2"; i i  5 

. - .  - 
-*,; -E,Z 1 ,s  ~ 4 :  3,: 3 0340 -5,g - k t ?  87 62: I , ?  3 ~ 2  2 , :  - - 9 ,  $ 3  i , $ 2  . !  

- . -  
; j ~ i j i i  -5 , '  - 5 , :  fjb $93 ;?,$ $82 a , ?  $ ohgf i  -:,! . % * % g a y 4  333 551) , - - Q j j , F  Q,+lE , 5 

g ,j?*\!j - !  :; -? 3 
1 1  73 (?7P 3 ' 3  of7 6 , 3  ,:$ $900 -5,: &w<%,+($ 84 077 , 5  $93 1,s 5 $y$[t -7 ,7  -13  ;7 " 1 ' 7  $73 23 

U 

i - ! i l j  : .-. ? - 4 , 1  93 i]b& i $ , 3  $75 7 - 0  37 !?go -,s$.$%.E%&? 114  r 2  ;zz 1 , q  z i !  l z t g  - ? , I  - 7 , 2 : 5 5  2 3 C - ~ I  ;:a: .!; 
.- - - 

-2 j11  i ! $  - z b , E  79 (i79 5 , o  079 7.5 4.3 15#i\ , b  -3,3 35 333 I , $  343 1,y  27 1526 - , !  - b , i  b.: $bj 5,s (!:: 7 i ij 
-. . . 

. - 5 -., 4 7 5  I _  $87 r! s 3  $?$ 7,h h t8C$ - , &  ?:%$%a $1 614 $ 5  , 2 ;30$ - 2 , y  - 8 , l  ~ " !72  4 . 1  ;!:? 7 : - 

. .- . 
- -I 12:;; - j , 5  -5 .7  G' "c' 3.h  075 b, '  3 2 jc f l  -',5 -3.5 7 3  fil? i , !  $39 1.9 313J -7,: - ! $ , 5  ;P $;i 5,- i : ;  J 1 . 

- 1'. -. 
- - i - - . ! 3 r 5  $4: j , P  2 -5,y -7 ;"i 65 077 1 , ?  $9,  2,s 4 - 4  , 9 ;j.i 1 , 3  . ..* - 

. s i  - .  

- .  
?:. ,:x c j ~ g  8 , j ~ h r :  .-. A r , i .  $739 F:ic-F  tii it, i ? A i s  4 j i j g  I;:$# ~ l % c  g!!49 G$sy y&( rg!; 2 Dc!$j % : ~4: gT@j GiJ.jy -!;;,I 

, : , ,  7 5 3  ;iGT,F;y $ y  : l ,73  s;?:; D i g ,  G2F.Y 292 !.:Qt:c TKkfi, L[!T?T D i R ,  SPQ, C i R ,  cU$T $42 Ti+ 
!! *" 7.11 

%'e.,. . ..i 
P ~ : ~ T  -,;; r;r ~ ~ r r i  - - -  - ,.".. J -) & A t . ,  , d,.!> - - A  

- - -  - , , y.-r - 1 -i-- y- L7 t ,; :it!> *,/; [;Fs, 5;': (?jb p, - ,- - .-  - [!:: f C 1 PEL, 5,!F DgG, ~ i s  fl$ i:' fir< <, Y : T y t  $1'5 A >C? .S r n t L  ' I .  i n ,  



i'! (,:! .{ :3 1:) 7') A '.( '.' '"' z .  . u . ,,'". 
i.,. ..? 

- I-I k-! $ B T Z J  iv:?y~ $ j ; j ; ~  FR,?:, p:;~ di!dp W T R I ~  i ; t i~~  ~r i~ i ,  u?!'? fir% . A$:..., --\..., 8:p9 - ?:,I:: 

(;Ijy& Tg43 323.4 j;p c-": $9:, 1: L . -  , ?2k p$$.;< T C E ? ,  fi$ 3iR, t i ; ,  6bS' frij;jlr, T E ?  "IT*,; - -  , ;- T s T G  . . . .  , L jT j  , . * "  9:~: . b -  .. 2 ,  - -  ++-2  
A -  

- - m  

i i - :  < [, y!F,;, YJ:,  DE<, e i ?  $4 p p ~  ~ ; g  c, .,PC " *! - - -  * -  - ? - -  L - ' J ,  " ' "  - L- b .- ,p.b 3EG 2 BEG, 8;s  ;jE(,, ? i s  H4 , , , ,  f i r 2  = ! , -  ? % A  

a--.l--~l-l-llllO-l----------------------- ----- .-----1-----^------*-*---------------  -----------r---l--.-.-----------------------------.- 

jji:j -;s~! - j d \ , 7  38 : . j  $8~: - .- I L g i j 3 ~ o  - ; f , g  - i 4 , 4  $1 18-7 ~ $ 5  g 5  5 , ~  ij g ~ j q  - ~ ~ , ~  - ;? ,b  $ 2  < : 3  gt;3 : . . c  2 .> - 
- - 

;\b!,:i! -!$,3 - 1 3 7  $2 394 :,3 $84 3 , -  3 -1? ,? - :5 ,58 :  087 2 ' 0  997 5,8 j ~ ~ i i d  -?, i j  - i ? , z  7 :  1 6  i-,> 4 
. - - -  > & a ?  r.2 ,-::>; ,l<:, $yzz :,; ::? ,jr,i?i - - ! j , ~  - i b , ;  69 ljel; ? , 7  $92 5,: 38 0960 -;?,a -13,b 58 078 I , ?  $73 3 , ~  24 3300 - 3 , ~  -:! + - -  
- . . 

.. - 
- .. - - 2 7 3 ,  - - 4 ,6 l i g  1 , F  5e 12$i] - 4 , ?  -I: ,; " 7  fI51 4 , s  $ 7 $  - 9 - "7 - .  

- - -  ,- * 
- 2  - ;  ! j ,  8 K 7  4 G t  

I ..,.,, .? , ?  #i;q 6'3 48 15fjfl -?,? 45 fib4 ! , Q  $53 3.9 5$ I f g g  - ? , b  - 9 $ 3  3.1 ,373 5:: G7:. ' 4.4 

:,;<;,j --< 9 - j ;  , b  C,? d V  Go.? .'\.L q ,? 030 f i , :  1 :  : q j a  " 6 , 7  - 1 3  i i . e b , L  p 7- 3 g q  ? , ?  3 J i : z  4 , 4  iLli .?b< -'+rfj - G , L j 2 . 9  j;; 3,:g :?Z'& 7 ;  - 
. - - . . . . .  

1 :  7 - , :4'5 ; s k  ~ R I  , ,j - 4  4 , $  -;q,? q j  027 2,3 :'j;? sat;; - 5 ,  - 7 :!, : , A$-, - - A  '.' i c . -  - - - . " 8  

- - -  - -  . . - 
-G! . ; ;~  - c , ! j  - : z , ~  75 yi7 : ,5  QP? 5 ,  4 2 ? 0 3  - ; ? , 4  - 1 5 ~ 4  rp, $34 ? , j  477 4~ E 24\25 -a , !  .Rs:..*F> s t  ):;: .:!,& <:,; 

...... .. "' ' ' 'j,, < \ <', ... .-, ! i.:, .f ,.. 
r... ' . i  

. , .  . 
' t i 1  . . .  ( I  . 







RWM @ONSt$L,TRN%S, ING, 
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Additional comments on this monthas data :  

1. No longwave data. Watana base camp shut down f o r  w i n t e r .  



No precipitation data  for April 

(See l NTERPRETAT i ON OF DATA) , 
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R&M CONSULTANTS, PNC. 

SUSITNA HYDROELECTRIC PROJECT 
WATANA WEATHER SIRTION 

A p r i  'I, 1984 
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RhM CONSULTANTS, INC,  

SUSITNA HYDROELECTRIC P R O J E C T  
WATANA WERTHER STRTION 

A p r i l ,  1984 

NORTH . . . . " .  * . .  

WIND ROSE PLOT 

HIND SPEED 
4 MHS % 
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1, RH 3-4 W P o i n t s  4 /09  - 4/30 
2 ,  so la r  -1 ~ W / C M ~  

~dditional eomment:~ on this month's data:  

I. No longwave data. Watana base camp s h u t  down f o r  w i n t e r ,  

2. No p r e c i p i t a t i o n  data. Tipp ing  b u c k e t  gage was n o t  connec ted .  
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Additionah comments on t h i s  month's da ta ,  

1. Longwave r ad ia t ion  data  beg ins  on 5 / 2 2 .  Watana base camF had 
been reopened, and the sensor  and amplifier were reconnected.  

2 ,  I n t e r m i t t e n t  wind d i r e c t i o n  data. lost d u e  to f r o z e n  wind .vane, 

3 .  P r e c i p i t a t i o n  data  beg ins  on 5 / 2 3 .  
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SUSIT'NA HYDROELECTRIC PROJECT 
WATHNA HEATHER STRTION 
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W&M CONSULTANTS, I % G .  

SUSITNA HYDROELECTRIC PROJECT 
WATANR WEATHER STATION 

A u g u s t ,  1984  

WIND SPEED 
CM.A8SS3i 

WIND ROSE PLOT 



C 

3 .i%+. a+a %w: ~ 4 %  g . ~  :gag .%a *%# %%.x *#.% w%# a## 4g-9 %%# .gs% q . ? : ~  6 4 . ~  ~ t *  ~ ~ t 3  % . 2 ~  R?.R & p f  n i x  .uqz , A *  

~3 +$it$: *:%"! ,$#.% >:%s $R.J: ~ 2 8  52 qQ qh 46 84 95 SB 84 59 24 1 4  1 1:. 
5 5 E fj i l  3 33 45 ~0 46 'p, 79 63 b4 57 4 47 31 6 a 3 3:, 

6 J 3 ! 3 7 3 33 35 58 67 51 8; 31 53 2 ;  15 1 5 {i 5 2  k. _ 
P 8 6 7 21 22 3 46 39 39 5? 49 14 18 11 8 1; 

1 P . - .  

5 5 $ 4 17 5 56 79 33 57 74 44  36 37 17 11 " 1 5 1 22 
1 I 
A t i' 2 15 fi 3 I $  f ?  f 5  h i  89 25 8"z h3 47 3: T t j  C L. '" .J 

i 5 
i .  j i F j  33 46 t7 77 78 52 J7 13 7 : <! ;: - , $- '2% , 

i - it ? 8 0 0 2 7 22 $5 b$. bP 75  77 76 70 43 36 22 $ 2 i'j { i L -;e 
. , 
i 5 3 !j ;i 4 29 45 58 rjij 51 40 34 74 39 2% 13 17 0 j r! .:  w i i  2 -  

. ! i - it cr 0 4 ' 7 "  $ 2  31 42 33 93 74 7'4 63 b& -56 25 15 3 1 0 f #?z 
i :? 5 8 0 2 h 11 32 29 39 36 57 52 &Q 39 57 14  12 13 3 J fi i ' "  r :  

i l i { 
* .  C 8 fi ? 15 f ?  22 24 41 39 28 22 18 11 0 $ . 1: 
" - i d P ' ks - 
A 3 J $ 1 3  ~ i 3 ~ ~ 2 5 ? 3 ? 6 ~ b : 5  5 ,J 5 2 9 9 ;  .d 

' 3 * I  : i fi $ F $ 2 13 11 23 19 21 2G 17 21 16 1fi 7 1 [! 0 [ 
* - 

I $  ) ij 1 8 1 1  3 2 5 7 2 0  3 3 2 9 2 5 3 3  12 11 2 J jj $ .: ., . - - . I  

S 1 
k, A 0 fi ,+ 7 j 2 q ? k ? 4 ? 2 ? 4 j 7  9 3 1 0 f i :  3 - - 
4 i i; 4 %  ; * j "4 1 x 3  34 37 37 3~ .:g 13 ? g  7 7 2 G . -. 

I.. . ! : 2 1 --. 
- - 
J -?  c 1 1 8  42 40 21 21 b5 27 ! 2  5 ( 5  6, - - i 1: 
5 .: J 0 h l b i :  g i 3 1 1 ! 1 5 7 8 1 3  8 g 2 J ; .j 
-r f 9 $ $ 1 , ? 4 8 5  t 2 I"! h 4 8 8 1 1 9 4 :  

I) j 0 9) 9 5 1 13 27 35 25 27 45 29 41 a3 .:$.:: n.g:p R:Z.P: ~ .x : . r :  I : - E  R R , ,  u . i i  f r t ,  b J  

-. 7 " .  
i- ; 

.e .p .? s. a>.% $.,kg. .*+.% :j. .". .% .g,*. S4.b . . . n r. .- .. .. .. .. .. .. 23.2 f.g.]k .$sf *.g$ f.%.g @t$$ :c.g+'. gg# %($a +.g$ #.$% g4.g * X B  .<.%;? x.R.,; . . . .  c..%.+ . ? ' . :  , 4r.A 
". - - 4 
' G .  .%.I." '. ., I:$:?: $22  2O.3 *ft;F $ 3 5  **? ;$%$: 3W3 *** 5g.e .kk# X.e';.?: %$R 2.8% t.%.'6. #.i;.. % . f E  XR.2: &?.. p.t:s: g.>.y ;?.kF F:.X:.t. y. : ;  



~ *. - . - - -  --- - - - -  :.-; I - J  ' 53  - 8 -  --(' pl! !-r?$ j..$ --y 1) i:,.? 4-3 1;:: 3 _ . "  b::. [-, g 12 12: (-1: !:is 12 [-I  - m i -  I : : '  - " "  - -  
- * .  * .- ,- .- t . . - :  i 

- " -  
: L  ;I:!;;; n; lg i  f i ; 4 0 ~  0 5 0 ~  ~ p i g l ; :  ~ ' 7 ~ 6  f l ? ~ ~  l ~ f i g  1lg0 i a o a  n ~ c g  nsgi: $ 5 1 ~  ;,iofi 1 7 4  l g f 0  1 y r ~ ~  pjci ~ i ~ i j  132g1:1 z j l t  2 ; ; ~  

-----------------.----------.m--------------------------------------------------------------------------------------------------.-------. 

1 3 " 9 ?  i!l 36 42 48 45 $5 115 i?S J f i  1.8.3 .$*% # .Bs;  w-g+$ @%"g ..4# .$l(.# .>$.#$+ .@.Rf ..C-$j? ' 4 %  

nb, 4 a R  &E2 -Pu:trjC % ? B %  pC$& E%i.  $.k+ @%$: #:q% d f B  # g E  # % %  i.%$ @ # #  ##%, '%#.x. g g t  p j l ?  T..$J: hi.;?. j - ~ : g .  3;%.i1: - 
4 4B-E k % %  ,%;.fiR. ?p.%% f%t %h# 3W.E #+$# ##% +$@$ #4#  %%@ $#% ++%# 92% .Kg% #.)$$ #&fi s$.$ fig :qg.-g .,$.$a. $:r.t. as,$ 

! ~ 5 %  *'ks A $ %  ~$: t  gn.2 q*? ~ $ 3  nw;? ~2 g.2.g % a $  %.&% gs:% gwg 233. % g g  $ 8 ~  .*>& .QP? n x ~  ;..F.,z x . ~ : ~ :  - 
J .d. ., .% .% -53% =:#A ?:Ad XI?$% ~ 4 %  ?:%it #...kg R#% $33 ~ 9 %  #%# IE.X.% .%%?i# 83% $j+$jj .k++# #%# #$.# g.krp f f . 8 ~  3 ~ 9  ?. .g .q  &g.g 

-.. -.. 
b a** %a% 6.1% *:$$ % # ?  ~ R F  533 :$%% 2 $2 4 43 46  39 35 35 35 33 33 3; P: 37 j; .;; 

34 31 29 32 31 34 37 37 4 33 42 43 43 92 42 42 41 43 93 33 49 38 4. 33 
i: 4 1  37 7; 95 31 49 95 43 41  42 44 43 43 47 41  43 41 41 42 41 33 43 45 t b  +; 
3 47 77 33 35 37 f:3 42 39 93 34 39 4 1  45 38 46 4 8  43 42 4 3s 3> 4 -  

1 - 'PI 35 31 35 t? $7 .jd 37 33 35 49 44 41 41 41 41 42 6 .:< 
.., - 

I J  A i 4! 4; J 

: 1 .. m - -  7 4.? 43 i!2 2 43 ~ ? 3  39 39 37 3b 39 33 33 3F 37 ZB 34 39 ?? 38 ?b t: 3~ 
9 2 .. * .  

A : .  ..It, 7.3 27 31 3 55 39 34 34 32 39 37 35 3i 3% 31 2? 23 3 l2 .I : : J  y c  -'- . ,, :- 

- "  15 I 31 ?5 t9 3F 39 33 35 34 37 33 34 34 33 34 35 34 33 37 Tp ZP :7 2'7 '* ?,2 L, 1 

1 4  9 ̂ . ?  . 25' 27 ?9 29 32 36 36 45 4z 44 43 42 42 .+? 42 42 f' 79 3s 37 , z0 
7 C 
i -4 

?? 21 ?7 28 28 ?y 3s 35 37 4 42 43 4iJ 4 4z 43 4 f  4; 4$, srt 35 ; >G ;? 
.i. 

1 0  41  59 34 32 26 33 34 40  42 44 46 65 44 43 44  46 44  4 s  $ 2  4%; nb 7 ;  .. . L; 4 , j  

17 * - \ 44 94 42 42 30 43 49 44 45 45 43 43 45 45 45 45 44  43 44 43 4 qLj 
" - 
1 q &: $ g  ,., 9 ,  4 1  4) 49 37 35 39 38 38 37 38 35 38 37 37 3b 38 3-7 -h  25 2 ;  33 3g 

; 9 - "s-, ar a -  T I ?  l i  

$3 2s 33 36 33 9b 34 3h 36 39 38 33 38 36 3b 4? 43 44 " 4  43  43 ;? 
I - 

.'It 
i .) 4s qq q t j  33 39 35 j 95 44 44 43 45 45 45 44 45 4; 43 4; 3: 4; 9; 2.2 4; 
7 : 
L A 2-2 I {. $1 41 41 jb 4 4 1  4 1  d(j 40 92 45 43 43 4-2 42 2 43 43 4.3 4: - - 
2 a 

9- - 1  9t 9- 

3.3 .3 .+  j 2 . 5  k j  933 5 3'; 59 39 43 45 38 419 41 43 43 45 4 4; 44 4': - "  4:: j 4  - e 
f 3 - - $ ?  L ,. 4 ;  31  43 d? f)"z 42 $3 44 33 4; 43 4fi 4~ ;p 32 42 , _ d; l .,.. 3: .- - -  - -  -1 1 - 1 ' ;I - 9 

i: .js . 3.: 35 3 24 34 3h 36 35 35 36 56 39 52 37 3? :.e T Q  tk  ;> 
b" - .  

1 :1 -*- 
k- ,i >., 2 33 36 54 ?(I 32 39 33 39 3P 37 35 35 38 57 37 4fi 39 79 37 $5 37 T 1  z: 
.: 6 37 7& zp 43 49 44 4 0  33 29 33 3; 31 26 38 7 * -  2g  2 ~ -  -.,r -- . - ,  .. - 

;rQ 21 ... . r . j  : r j  ;:: .j: j'+ 3 6  
-. - 
i I 

F" 7- A 

- .  ?5 2.j 27 39 32 z3 35 25 ?3 4 25 zh r, 3? 33 27 27 23 Z5 L - :  3' . .  2' -. - - - -  - -  
7 I .  J 2- 2 I.. .:I - - j ?? zb " ?& ?$j 29 28 33 29 27 z-3 75 -<h iG l; 

-d q ... - 2: ?& : - .  - I ,.. a-5 I 2 4  36 27 ~7 3 23 3fi 31 27 ~5 ?; ?' , ;  5 :  15 ; - z  - - -. . U. . .  -- - -  -r 1'. 7 '  >! ,<b ? ?  5 _ I *.. 2': ?y ?F) 2% ?F 33 32 71, 32 3: > i  . iQ 5 ;  ; ,, I r , .  , .,. . T .. 
5 1 -_ - =T-? , &-; 36 . 1'3 -- - "  - .::i .>I '5 33 4C 35 :& 33 35 :b 3;: 33 , 54 34 1: - -  " - - 

- 8 .  3 ; -  " <", .-:: 



.T i : :  ,~,.,: '.j ':: '1) ,/: -"-. , - p ! , 1 , 1 , 1 \,j !;! !:I: 

,,;j .f p.; f! ( 2  3 t:: .--. ' - 
\.I , t 1: L j  

j i  .\, p,j i j  lj 'j: b; ii:: [-, ..[ '1. [:{ 

i.: r: :\ ' 

+ &.. , ,j{., !:;,!.j::,'-{- 
R::!,;.,$:\.l'.;.i,!;::; L-li,Jyti'F-[;,.j;-;'y' I ,  .. 

..... ,... .; .r ... 
I.! >..i I.. 
1 . , t, . . . .  .*, [ f?{ -;* j. (:j i'.: 
!:i <.:j ; (\ i:{ g I:] {,! .i. 1. $.: 

a ! :tt: ;).,i P [j i' $. i "- ., I ,  1 

i*., yj I-.:, k.k, 1 {<$ I.,; i::: j:< (-* I;:! - j :  fi[ -7 .;. [;! F! 

1, P ?  - 3  RM P o i n t s  8 / 0 l  - 8 / 2 7  
- kO 8 / 2 7  - 8/31 

2 ,  Solar -1 ~ W / C M ~  

A d d i t i o n a l  comments on this month" data:: 

1. Lost d a t a  f o r  a l l  parameters from 811 to 8 1 6  due to e l e c t r i c a l  
problems i n  the w e a t h e r  wizard, 

2. Missing t e m p e r a t u r e ,  RH, w i n d  speed, wind d i r e c t i o n ,  and  gust 
data on 8 /26 .  S e n s o r  array w a s  disconnected f o r  4 h o u r s  f o r  
annual maintenance, 

3 .  Solar radiation sensor removed on 8 /26 .  





3 1.J g CEg aif!iii glMlf GliSl M A X ,  2rJt1tS GE$ M3:43 GI151 B A X ,  P[~tjp, DEb slt:,.fij $jihD 6157 : ? 1 ; ~ . .  
t+&/fifq ' f rp? a ?fj'/bi:i 39 lji$, 5P$, UTR, GljtjT .2hlj P!Tjt!G TFEP, RH DIR, SPn, Lt lg ,  F;?tTjl' 2 A G  r45&!& TEE?, F iOjF iT R "  552; L T R ,  GbS' ;;&if 

C DF$ C X BFG, k/5 OEC, His gg BE6 C K G  C Z BFG, # i s  EFc, Hbi D$G C D f t  i I BFG, mi5  DCC, ??/S r s  
-I-----__---q~-l--C------*-------------- - -  ----------------------------------------'--- 

I , g  -4,567 019 ? , 3  028 f t f + % s 0 3 0 0  , 3  - ^ ~ b y  i ps  15 3 , p ~ ~ x a 0 3 0 0  , b  - 5 , 0 h b  fib? 1 ,7  obs 2 8 5 * , k %  
i , 3  - 5 , ?  67 c?4 ! , 7  085 3 , 8  & E %  obofi , p  -{I,:  69 fisz a , +  057 #-Xi4 0 b 0 0  - , B  -5,3 7: $48 I , ?  051 3 , 2  
9 5 t $  -? ,@:? 877 1 ' 6  $47 > , ~ T : ~ ~ X O ? Q I )  3 , g  -3,260 I O l j  , ?  $62 1 , 7 % # # 0 9 0 0  4 ' 3  - ? , 5 b !  6PB 1 , G  ?hk I , Z . g : , p *  

9 5 1 , 4  -3,7 35 107 2,R 49h 6,: .?%a 1200 Y1,3 -2,; 33 140 $,8 123 3,f i  %%# 1?90 i l , a  -4 ,s  54 127 ? , 4  119 2 , 4  
h s X I S i t i j  j ' , 9  - 4 , R  29 fi83 2 , 2  Oh2 5 , 7  +$$ 1530 j j , f l  -3,7 34 229 1 , j  332 W,3 uwa lggfi IB ,?  -k ,z 39 3 , 9  139 5 , ;  + . 2 '  

i8111.i j i , b  -b ,k ]  ?R t23 b,M&? 3 , P  f:j.%!4 1gfi0 illfI - 4 , l  33 345 1 , 5  357 5 , 7  %#% 2803 l l ,pj - 5 , j  3! c32 S , f  d55 Z i 7  $.P<% 

? , f i  -3 ,b  47 037 2 ' 1  @39 ? , I  3 % ~  2108 6 , :  -1 s 3  59 033 1 , 3  919 7'0 #%% 31QC E , l  - 5 , s  38 Glt Z z 3  I01 J > 4  .i: .J: 3 

4 ",ti  -3 ,755  $49 I , a  876 ; , a * . $ g p 4 $ 0  3 ,9  - < + , I  Sh 131 I,P 045 3 , 2 % 3 # ? 4 Q g  7 , a  - 4 , 4 4 2  O?h 2 . 3  !j38 j a ? ~ t h . %  

dgj,!a n - I .  ~ ~ I N D  $zg2 0 3 5 ~  en:{, hgua PFG gZND bIND G!iST fikX, !-!&!2 l . !~ ;~Tf t i f i [ , : ;$? ' ; .* i :$ ,  

r t ~ r ; ~  ~ ~ f i p ,  p i y ~ i  ~d Q:a, s o $ ,  ~jq, ~ejg ~ 5 g  f:j-jg, 1 ~ ~ "  ?~1$y ~d Q ~ R ,  SPQ, $st, g g ~ ~  y~p~:, T E ~ P ,  p g : ~ : ~  F+ D;?, yyr;.. I i j a ,  -23- .A: 
7rp ...:.-. .+!! CEIF. 2 DF6 X gF6, 2;: L 3 ,  .J ij + DFE C 9EG ): nEcq Piis DEK, 41s )$ 9 7 ~  c, f j ? ~  :; ;i:,;, fi;:? I j p b ,  r-- fi!,!: * u  

___________----_--_----.---------~---.--- I - - - ^ - - O - - I - - - - - - Y - - - C - . . - - . . - - - - - - - - - -  ---------.-------------..-------------------~.-- 

2 T 7 T - -,". .̂ .. 
. - f .  , ~?,3"a.x..#F? I,: i t , ;  3 , 9 . ~ : + 5 ( 5 0 i j  i t ?  - & & R 5  035 I , ?  613 ,j,;.'&.$.+$3!$ : , I  - - ~ , ~ ~ ~ .  ; c 7  : , I  :;:;,j t : . . ~ :  

. , , z ,h 't;:! g i 7  , $  ::a.i: ? , C i  - , 7  7s 1 , $  $55 3 , s  3:t.k $ b d j  - - 2 , 1 .1 5.2 

" - .  . 
: 0 , s  3,3.?3 $'?!j 039 :t.s.?-:.fi?$fl & , ?  - , 7  , &  3~ $53 3 , b  C52 6 , s  g.fi.8 4 , 4  .r;.*f..,:n.,t. :+=, . ;tf18 . t , l  92: . U, z,.c:c,. 

3 7. .-, ;. .. ;,b , , . - i  C .  - 7 - , , .  ' = , 7  :F.:c.: '?OO j 0 . b  $ 9 43 $59 + , 9  ??' @ , 3  ,&..$$ !?i'7 - -. 12,: - i ,  !j 33 17.1 1 , ;  1" 2 . = - :t:.: $. - - - 1 ,  8 , ?; , ;" - ,  5 4 6  ;1+*.2 -2 5 gi]+ = T v :j..$. - - ,-.- - - -  
. - . . I .  L . ,  t. .-. , , ..... , > c $  I ? , ?  -1 , r  37 088 4.41 8 , 9  .F;.~:w iZ$$ 5 ,  - J I?$ , =  >:. , :: .kc:.% 

&;{,', : <  - I - - - - ,-(- . - 
. , I .  i I ,. . .- : ?  L I  , 3 , . , , , i s3  5,j .$$b :$b(! 1 5 , j  -;),jj t:: ,,I;J ,; I,:? .,!,? 3 . ~ 5  

4 4 n  z ; 
! 5 . 6  ; , $  > ?  0'h ? , $  :;75 <-,,s.:..t " C $  , ' . , 3 3 ,  : .  h . 8  -;,+ 5- >;$ i.3 u : :  - . , .- i .' 

r - r-r 

4 ;  ? , ?  - 7 f i  7 ,  $ 9  4 ? , I  -2.4 67 3&3 ? , 7  0 0 1  3 , B  ${*# :4$$ 8,k - ! ,4  >:> I):,; 1 ,; 1j.i. l, :, ; ,E.J,.P 
k - - c &  



nl:r_ik glb!fl GiiST ~ i ? , i ,  !jfli-i3 ~ I H $  u r h ~  G$$T  AX, yfiiig 11 k. % ~ l l " . . ; ~  WL;$) ST <*;ii4 
- F 

H f-4 Ll N[~:& i ~ f i p ,  p?,lp!f ~ t - :  FIR, yjj, O l R ,  Gg$T t{Qf:g x'i$rp, pO:EZI R f j  DTk, $5; Q:R, CUST @$I p!Qb!& TE" p Q y T  9. :I:, j ?Tj ,  C:k, G-3" " " , -  

3Ft: C D f C  C :i D E G ,  $15 DEC, f i / $  3$! DEG C DEG C Z DEG, His DEC, H I S  Hid fifg c Q F ~  c =; F F 3 ,  (* is 3 ~ 5  q / ;  * g  
^ . l l - O - L - ~ - - - - - - - - - _ _ - - - - l - . - * ^ - -  - . . l - - l - - - - - . C I - . ^ - . - - . ~ - - I I  - I X I . I - I * * r - I Y - - - - - - - - P -  

03~~17 : ,b  -3 , ;  41 1 , 4  025 2 , 5  WT: 0300 !,o -5,s 72 057 1 , ~  043 3 , ~  %:i.# 0 3 9 0  1 , 7  - 2 , ~  7 2  272 l , i l  ~ 3 5  ,:,T P1.W 

~ b c l b  r , ~  - 2 , ~  75 dbg 1,3  040 2 ' 5  .t*n -1.2 -4 ,4  79  076 1 , 3  074 5 , ~  #a#  ghgg , a  - j , 6  84 g:? 1 , s  g q  3,3 .i~% 

b9ni j  5 , 7  -Z ,C  h& f , 3  102 3 , 2  ?%a 8900 3'2 - * 2 , 5  b$ 079 ? , I  052 5:fj % x n  0740 4 , b  - , &  b? ?93 1 . 1  115 :<,? .s.+-% 

t2Gc 1 7 . 0  - i , b  39 !37 ! , 4  429 2 , 5 ~ + %  1200 19,9 -?,f33& 108 ? , P  120 5 < 7  #%% j ? 0 i  j @ , f l  - - I , !  4& jzij l , b  3$13 * k a  

156a i3 .a  - 4 , j  29 i43 ,f3 150 9 , 4  '4%% 15fifl !4 ,4  -5,5 25 086 3,s 183 h , 3  %e# t!jCjQ : f e g  -,I 4s '?31 ?$& 5 . i  %:a% 
C a l l  - 

iao! : i  ; ? , 4  - 5 , 5 3 1  ;;;-??: 1 , 5  558 7 ,6$ .3%!900  t $ , 5  -5 ,233  QR? fi43 5 ,1 f i i : $ l890  9 , 5  , 7 5 4  392 ! . b  :+.A : , , i a . . k$  
z]$.> & , g  -3,7 51 9h3 ! , T  082 h,3 .%Y.F 2180 s ,?  -3'2 52 277 ,&  239 3 ,2  a*% ?1$fj 4 ,9  ? , b  95 21" , ?  : r ' . ~  g3.g 

4 7 , 4  - 5 , h h c  $54 & , b  079 ? , 2 ~ ~ + 2 ? 9 f i  4 , f  - l ,@( f j  o f ]  f , O  358 5 , 1 # % * ? 4 $ f i  4 , l  I , $ 8 5  fj1& ! , $  Q Q z  2 a 4 . ~ . ~ : , ~  

e; I@ QE$ i5j:rt!Tk tfi:Wfi Gt!ST fin:, t$-$!$ Ui+iB $:??n Cgsj fiAx, i+D[jg D E ~  b-& k i ~ p  & d s ~  
$'ji.:i& TEfiP, 3Qlkf $4 213, Spr;l, 018, G!jsT 4nfi $/Dk!g TEf4P,  Pfjifig Rk DIR, srp,  D i R ,  GjjS? $D)!h, T%P, p$ I f i T  gy  t i ; ,  3". * A  RY;i . +  525- 

C. - - j,q-kq DFG 2 DFG, BEG,  nj's 81 DZG C 0% C Z DEG,  Hi5 K G ,  His Mb f i ; ~  c DEG c ?+ D C ~ ,  D;g, ?/G, q i  

----b---------"----__OPI-I------------P- -----------C---.ll--l.---~-----""---------> ---------.-~~--~-*------------."------------.- 

i j T r . r  ,-,a(:~ - , ,3,% 68 3 c 4  1 r 5  35h 2'5 .$i% $308 5,! -i ,la b l  958 3,: fif5 5 ,7  U:$.E 03[!fj 7 , 6  , L  hi7 f i ? ;  i5,J I]" + ~ : e  

(jb[!f: J , h  i , ?  654 ,fj $08 ? , 5  "%# @bgfl 3 , 4  -?,3 b$ 872 ,?,2 094 4 , 4  %$% g b c g  T a 3  I , ?  65 5 , 0  !]?d .?, J $.<+ 
- 3 7  -r , OFfii 4 , 9  2 ' 7  63 969 I,: Oh8 2 ' 5  n%% !JYoo 9 , 0  - 1 , p  47 5 , s  Oh1 7,O #%$ i j Y k 0  8 , 4  I z e  b? 4 , 5  !jh:: . $ p  c i a  

; 7,: 2 , ~  p0 $63 2 , 4  069 5 , ;  2 ~ 8  1200 - ? , 7  J? 078 6 , 6  680 1 0 , ~  93% !?Q$ a g , ?  a , ~  5: 343 5 a b  979 ~i , - J 5: .% 5: 
-.. 

. -3.7 ? , 3  ~4 075 3,4 075 5 , 7  a s $ %  tsbl 12.5 - z83  36 188 h,? 091 1 1 , 4  %%# 1500 1 2 , 9  ' 5  4; ?,Gb $ , 3  08: 1.E 
9 , ?  f - 2  57 $59 3 , j  Q4& 5 , :  $89 180Q 11 -?,P 37 fl7P 4 , ?  8 ' 3  ##% lPfl$ 1 8 ~ 8  1 , I  52 953 4 8 P  $?? 5 g+z, 

La$;; A , ?  - , 3  $Lf f i  2 ' 6  Q3fi 5,1, 53% zmg 9 ' 4  -3'6 4i3 042 2 ' 4  $45 5 , 7  #a% 2190 7 , b  3 , ;  ?if. 556 f , h  ,137 5 , ;  
,-. -. - - - ~ ; , b  - j  , d  6" 35t 2,y 056 5 , 1  +e$ zi)@fl 8.1 -? ,$  49 858 3 , 4  7 , o  #an 24Qo 5 , s  3 , i  89 2s: 1 , 4  c::i - , 1 1 -  - - I . % ;  ...- 

- - DFil;. .. - 
i.; i-: 6 fjgi+j ?!,!IN$giNgG\iSTgAX, :$Uft gx){D MAX, 4j\!2 . z & ' , '  ,$:,I $$;$? iy;,;. 

2D?r7 i:??, PO"r.:iT $t.: PIE, SPD, Q T R ,  GGSi 2AQ NDbiG TEMP, P Q I E T  '3;1 D' i ;R ,  fjp11, D T R ,  CrjST BAD NDtiG TEyP,  ?Qi:.ii Ri" Eli, Sf.$, '&?';- 2k-l 
-. w m 
~ q p - i , ~  3" C $:G, E:s Beg, E f S  5; $$G C 1 DEG,  f i/S PEG, ~ / S  k& 1:; c 1 3 ~ ~  t? :? I 9  f i ~ c  _ 1 fiis p z q >  y?;;.;*; :-Jj 

------------------------------------------- ------------------------------------------- -------------------------------#-------"---- 

... . 
, I  ,? 33 GzE 1 , 4  $12 >,$  .?$a C3QC , , 2  P4 325 ,&, 284 J , 2  #;(:$ $303 5': ;,,g ?'? ! , $  ;;; = , i g g  
- - cC3; .  ;; n 7 , :  $55 1 , 3  Ob.7 ,?.??: Obgfi , 4  -! ,T $$ 35i , $ 1  , . .  , .- 3 @ 4 , ?  ":: $"? ; 3 .;#:,? F 4 5 5  

: : .p<.:f.$.:fi .+..I ?,T?: - .  ti::, . s t , .  , ......... , , .  ! $ 7  : $ 1  . 5  $4 359 2111 3 ' 2  .~;z:.G $'?$? 3,4  i , , 5  ( iGG , 1 , 7 . 7  i t . .  - , ;  - . R > X  
- . .  

i :  ' 7  5 , ? , p  58 :.?3 1 ' 1  '6; 7 : ;  . .::.$. . t i - "  I 7 '  ? , k  3 ' 2  63 399 , !? 3 ,z  a.i-3: ~ , j g $  7 -  ? , A  -? ~ ~ z 4  "a 3": :;,P~ . , $  i c i  

- - .  - h 
- . s t  . '  ' .  c 2 w - 7 j7 '" 7 , g  272 = ! "%..V. f = $ $  ? i-l 5 - - .- - 

' I  i i t  - . ; I ;  .. r l .. . . : t , 3 b 2  262 ? , {  ' b ( \  #:"g 155; , 3,; - -  . J L , *  ;: i z  1 ._ .: .! L .i. ; 3; - - _ . - .  . -  
. > ? I . : <  j { i  6 i 3 J - ' 2  - 1 : r r .  3 S A G  5 ' ;  .t:?.$ i ~ c g  i t , ~  87 ?&? 3 , :  1=7 7 z 9  & $ : ; .  4 Z < . J  T L . s - ,  c L'! 3 . ' l . , ,  I !-,d 1 2 t . r &  
. . -  8 : - 2 . - "  - - -  . : , , ; 3 5 '  a I , ;  . '=: $ 4  3 ,  h $3 7'55 , , . . , , , , + - ; ' z . 7  -"" - Z . 4 . X  

: r 1 1 , :  75 3li+ 1 ,s  9cy S , $ E . t . g ? & f i $  - 
(:-t-:i% 

f:: ...'I 

c-  z .. L... 4 2,8 96 084 1 , 3  3 ~ 9  2 . 5  H+: :44c 3.6 i , ~  - i  lJ ., .; I 6 2 ; ; 5 + G ., $. .% 

1 . .:,. .X . . . . . . . . ..., >. !.. -K +.: -;. !: ,:.> t:,> $} ,:: .y i-., .y .r i;! p,j ;.., (..: '7. :.: (2  & ..!. !:: f.! j-) p.\ [..! p.,i .;- i..! 1 ,.i fj ;::. ~ Z J  .-': '.-. '.-. 
I j . 8  .. 4 . .  c 

, , . g. .%. ( . , . . . ,  i . .  



1 
: ;  6:: . = - - -  -. . " -  .- .!; f p*.: f:---t j--! --"6p ;[;) t:.? ('Ii 1;:; i - - "  g;:; if-; -"$- I? ;!; (1:: I : >  i:< [I;# *.j- ; i ; -  i::;: - I 

[!:$$ 5 5 -;kt 59 $yb 3,; 0" il 7 , A  ! +.?.+ ..- 9;" +lbu - ;1,2 ":%a:$ 77 0-8 , 5  $41 I , ?  3 . g ~  I?$$ - ! , a  -i:,O $7 3.7 l x :  < : y  2 : . - z  . <_ . 

I , j t  - ? - ; I  , : . .  ;:i . !2z  c7T : : d . f - + . . ~  , , . . . . . . eh$$ z t ; - * r 5 7 7  p i 4  ! . $  ?g5xt+$nx - 1 ;  q \i - j : h :  6;: 1.5  : , f  ; * ,  . . 
1 t G r  - 2 ,' $? 548 2 , 4  fib2 & , 4  F?.:; ? q ~  T $,$ - : ?  77 037 ,9  2 , ~  a++ ;>yiji; - , @  - 2 . 3  37 .;?I? 2 , ;  .j'? 1 - F . c  . . - - "  

. . 1.' I 

- " -  3 - -p-. 
;:.:, :-,, *G *(. ,$! \$;!3 ? ,$  $65 - <+<: ... t,2:7~ , , .c,i,  7 , 7  i . i b 3  $cia? , g:?; 3 w 2 . g k . . ; ; i : i  - - -  7 ,3  : p i  ;':3 ;,4 - 
. f  - -  k i t  3 ' 3  - , ~ , i ? $  Q'?? .. . 5 j "j 5 : 7  ;::.$-< 155; t G . 4  - 1 . 1  45 148 I , " ,  4 4 ,  k 1  5 i s , i  - 5  -1: , 5 , 7  ::.:* - , .  .I y F. 

. .  - 
- .  . - ' - ... 

P P T  S F - ,  - - 
.. C' * , - 1 ,  5 i E  ~8;. {$i +-t l i $ $  , - 3 . 3  $ 2  i , , - 7-1 . - -  y t , i  1 , '  ; ,:,:A 

-1 , i .-, , .! Q . - . .  8 . L  

.I " - . '.. . . -C  - " . - "  - - 359 1 ,$  $ $ 4  3 , 2  ':[I< , - , - . - , , : +  2 ;  $ 5  $ ? , b  -;J "" 
J ,? ; ? %  

~ 3 6 ; ~  , i t  f i  ' $ 5  5 . 1  
- -. 

, -2 .9  $2 Ofi4 > , 5  I.25 3 , 8  .x..~:$ 2.169 ! , 5  -3,4 .$: 1;;3 ; , 3  - ; ,d  :L.-P- 



C
Z

6
 

r-
2s

 
<
-Y

>
 
e
-3

 
c
-
*
 

,>
 
c=
, 

*
-
3
 

-..
3 

x
1
 
ST
- 

'3
3 

-
4

 r
.
 

5.
Q

 
':P

& 
, .A

 
.-.-A

 
r,J 

L
it
 
*
p
 

sfr
 

EL
3 

- . 
- 

' 
. A

. 
"
r
' 

..., 
' 

?* &
d

a 

-;
I 

r
a

's
 

- a
i
U
 

-;"
 

E
 

, 
'
.t

 

; 
P

U
* 

s 
6
 

I,i
 

*-' 

. 
-
' 

_
L

 
,I

, 
,*'
.a 

i
 ,
 

p
r
,
 

%' 
8%

 

8
,

 

3
- 

'8
 

- 
<- 

I
.
.
 

I 
?

*
*

 

, 
, 

'- 
e
 

*- 

7
-

9
 

5
,

 
-
4

 
.

,
a

 

, 
".. 

* 
b 

' 
-'
 

. 
*: 

sq
 

, --
 

, 
-
4
 

, 
Z 

r
r

 
_
*
I
 

* 
' *

 
' 

I 
'"

l 
.' 

P
-
, 

I
'

 

.-=
, 

t
'Z

.
 
c
?
,
 

,
z

,
 c
..
, 
::
-2
 
,
.
-
a
 

C
T-

 
t:o
 

r>
.j
 
.a
 

ri
3

 
--.

.I 
.:L
-' 

I
T

;
 

-4
.l
 

&
 

!:
"I

1
 I

L
Q

 
&

. 
'-

9 
- - 

.-*
 

:3
 

< 8 
,I 

'IF: 
--
.. 

-
t

4
 

h
-

6
 

<J
-1

 
'.

Z
$

 
2
 

"
 

7
Z

.i 



~ C .* - I :.t , - - -  ----.j $11: { 111 i----) $;; [ * 1 f " * * 1 f:q i---.J - "f - j ; - ; g :  p-4 ["I: , 

.................................... 
1/1,"3 . . I '3'2 Oh? 

2 13,5 G , f !  &,(? 05h - 
4 1 

i i -1,6 S t h  585 
ti 13,! 1 , 4  8,8 092 

4 ,  4,h Y,3 161 
b 11.3 4 , 5  B,?  OF1 
P 

t : i , S  3 ' 1  2 , 5  072 
3 13.2 - , 3  k , 5  063 
P 15,S - r~ i / , j  ijy.l - m 

r n   IT,^ , - 3 ~~3 $63 
4 ! 4 '  - 5,,5 $72 
3 l {. l ? , ~  ,8  b ,?  H1? 
13 7 ,  2'3 4 , ?  054 
14  - \ ? , , I  - 3,; l5,2 071 
i i . j  c 13,3 5 ,3  9 , ;  976 
. ' 
i b  3 - 2 1  b . 3  303 
t 4 

1, : ' -2 i ?  , 4  f,? 385 
1 R s n 

I , I 1,3 - 8  093 
! 9 A,5 0 , b  ? , 3  09% 
7 $j i i 3 , 5  - =  , ,' .I,O $12 
J t  l L  :4,4 - 5 ,7  $57 
2"" !f , ?  - 2 , :  - i- ? 079 - .-. 
, f :a ; I> r . -  - , 3  5 .3  265 
'j i: 
L 1 3,; 1 ' 8  5.5  $&S 
c 

. J  :9,: ? , h  $.)'+ Qk? 

2 fi : o : p a  a 3 5 , 3  01.12 
- 

'7 -. ' - ' 4 , y  077 

28 n:;:,S - 7 : i 5 , :  t70 
99 2 2  & , 3  965 
3 6 g c p ,  8 C ' f  7 7 ' 8  $R? 
h i r i - ~ ~ ~  . . - f f ,5 -3, 6, .$ $Cj&! 

1 ,v2. t 
, 9  1 ' 8  

2 ' 1  2 , 4  
? , I  ! r 2  
~ r j  a.9 
1 , s  b s 7  
1 , 6  51 
2 ,  "sf  

* 9  i,li 
1 1,7 
1 ,"J2,? 

, 1  1,7 
5 5  3': r - $ 1  % " * J  

3,8 4 ' 6  
3 , b  4.1  

.Ec  1'7 
1 , i  r,D 

, 3  I , 4  
1 ' 2  1,8 
2 ,  11,s 

,?  l s r i  

2,s 2'8 
Z,9 ? * ?  
3 a 3'2 C .  ' 

? , 3  3 $ 5  
$ 9  6,4 

7 7 3  - I L- 

3 , b  3'7 
4 , :  4'3 
P I 

' 5 ,7  
:<6 ?,?j 

3 A X ,  
GI.!ST 
DTR , 
C'es 

OF5 
*- m 
43: 
129 
Q84 
11s 
BbB 
136 
091, 
07? 
558 
i 03 
184 
$75 
091 
378 
278 
279 
279 
1 SF 
0 15 
113 
685 
072 

.O7h 
rtbb 

23 4 
112 
OR9 
975 
opp 
r, c g: 
3 J . j  

 AX , 
p [ V ~ i  &;hit I -?I]., 

.- 4 1 , D i g ,  8 %  
H i  S "A 

3 8 %  48 
8 , 3  riNE 51 
6 , 3  NE 47 
-.I ". 

, E 52 
7 , b  ES;, 55 
5,1 ESE 7? 
5 ,3  E 69 
g , q  E bg 
5'1 :i 53 
7 , b  EIiE 52 
3,: Et:E 53 
7 , 6  F 195 
E 1 \.- , p i  ?.a 

1 1 , 4  EA4F 48 
, 6 59 
5 ' 1  70 
7 , b  N 7'i 
9 , 4  i-: 83 
5,5 ESE Fit 
7 , ~  H 71 
4 , 4  f.! (54 
8 , 3  E b2 
8 2 ,  gj p.,F t l  

- 1 -  4 i 

8,; NF 46 
c g r..- 
. I ,  i tkt 63 
5 , 5  67 
? , b  E b? 
8 , ?  EtiE 56 

cilE 'I;: 

! ? , I  E 63 
? '  k 92 

.. , - . -  "' . 
, , {. , , 1. ! -- * <..... -{- (.:: : .'2. j- ; :,:: '.'. 

, i , I .  i i a I .. , . , .,. ,. , 1 ftj :!. t,) :. j :::, '.Yf .y f t  ''{. i::. i J  : ,,,.: (::f : :.::, I .  

i.5 ',:: 
<-! : .,. t .. 

.... ............ . . .  ;.; ; c, 'y i ,! ,:: . .  , :. , :;; '-;' .! ,. $ , ! (1. ., , ,<:! ; ;y {.:I 7, * ! :.: ... > , j. , , , , ,, J. ,:. ;..> f 7 .  i-.: ;..,-: $:t ;,., ........ ! 1. ! 8 :...a 

. . .  I _._... .(. ..- I ........ 
! i ,  . . : : :  2 : :  i ;;,~)..~,:',,!,::$ j. 1 , ..:; 

. . . .  . . . . . . . . . . .  . . . . . . .  i:, ;.; $::, .i i t i:: : j  -j' !j .;<, , \;) \,; >;, ; 1:: . . . . . . . .  { ; !:.> . I  ;. ..,,; .. !.,!:,.l(:.j;..,f.:., . . . . . . .  \i , . _ i  I I . . .  .I. . . i" i. : 
'..i '. 
i !  I 



RBM CONSULTANTS, INC. 
SUSITNA HYDROELECTRIC PROJECT 

WATANA WEATHER STATION 
S e p t e m b e r ,  1984 



I.,] ?:: I !.--! [.; 1 'j'- y ( ,,,' 4.:: 
I... . i.1 

. . . . .  I [J , ,':; . -.. 

... :! , b .!> , air , (li '1. i f  t iS .!.!:i [:i 8 )  :.,! , .i 
1 .... ..+ ... .r [Y! .I' ('7 .I. (7 .z. 

i i! 'T ! 1.1 i-1 2 
.............. .-, .) 
[ j  (, !- 1 .. 1 !. ;-j .:. , [j - .  Sf., . 

.') , :j ti3 t (1 ..I. [I , l j  '.\ :.\ , jj ;:.: \ j  , i j  v.; _. 1:) , .. i::; .T i:: &..I 1;) I . ..( ('1 "f ,, ., , 1.. 

............ ........ ".I -- .... .-- ........ ..- .-. .-- 1.- -.. .... -- "I -.. .-...... .- .... .-- -- .- f.'. - .-- ..P -3 - ,- .- .- .I - ..- I- I- ...I .I .....I .... .I.. ".. .-. -.. ............ .-. .... ..̂  .- .._ _. ..-. .-. .- ............_...._...... ..̂  ._. ..- 

; , . I  ,-3 :-- ..' ;.:f , , . .  i.:* , $3 'i 8 81 :.!; 0 , i-) i') , f] ( 2  (1 , 0 0  , <,i i'j 
.,,., : 
. . . . .  .( I 

;I:, ii T::: , :..; c.. o , il !:I l:i , [\ i j  ( j  , [j (:I j j , [ : I  
. . 

t. , .. '.i 1. B :4 .. : h.. I I j..! . M I .  1 

.... . . . .  
L. ,.. I ..* {. , '). c( j. :t , 'j. f:3 (7 , {J ;... . I -  , t? i:! ii , ii i.Ii , {,:! ij i..! , i.i t i  i'. I- ' .J : . .  c.,.: 

i.. I . .  $ ' Y  

8". . . . . . .  
.r 'I i <><:j 0 t 0 0 . ;. . 

A i.. 1. 3. , s : ' + . I  G , (1 (1 i.1 , [j t.*l s [j <:! i.! , 1 ;  i,. 
' .  , . 
;.'; , !,: .: 

.a ... ;{ , ;:,I; i j  
I . I  * .? 'i , % if , i j  i) (1 i:! (j , (:I [I (:i . ;! i! .. I , A : . .  

..... 8 , {"! f i  I:;:~ !:: i-; %:a i.'? , (:! 0 {j , cj (I ' i.j [:i i't :,) % % .  .., . '  . 

.] :'I, 
,"., ,, L. ( j  , (1 i j  >I ;..I.,! I . .  , .. 1 .% (:I , [I (1 ;:: , !\ .. j.: .> [:I ' ( I  [:! . . .  j:? , -'i i, . !  , 

.. . . . . .  . . . . . . . .  2 .? 
...$ 

.' f-; 
.".. 

!.:..i I.! j , i. .i , I . .  r i  .> {:4 , (1 (1 ( j  , [j  0 :! , \! !.j I,,! ;,I : :  j, s (, -! 
,.. 



RhM CONSULTRNTS, INC. 

SUSITNA HYDROELECTRIC PROJECT 
WATANA WEATHER S T A T I O N  

S e p t e m b e r ,  1984 

WEST- * 

WIND ROSE PLOT 



I <:; , .. . - -  1 <:;- ,-, - -1 -  - - - - -  ! p;-" f-'r-, j."j "-f.-- -$-"F B-3 f - 3  f::- ) -  I:" a. i--- " " *  .... ,-.. .-. ... ,. .. ._, I! I:: :!: i::: I:":? g-es  ;J- g:; --,a 

CI 

". - : i j  

i l 
., - 
i 1: 

: 3 
14 
; 5 - 
'in 



.. - 
:.., ;,, 1 !, , ,; ; .( ; ! ' !  c.; ,:','. !,; .; c,,j ;? i?; j'j '1' (*.; .I' .j. i.*[ p.! <:: 1 j jwj s..\ ir:l [? 'f (11 f{ bi f,'i '1. f->: i\d (~4 ),,! i::' i..2t '[ 1-i 1:: i? $1, '{. f.?, .{. :f f,J t.j . , . .  . 
.. * . . .  ... 
{ . \ . :  i $., 1. i: ' i../ '0 i : i:.: ' i ;  ;'.: i; I:) <:? [:j .t r:? fq i i'.u.. .. ., ! ! . ? { . I  "' 'E' n:\ ' 



a, I3.H -10 RM Points 

Additional comments on this month" data:: 

I, No so l a r  rad ia t ion  data,  Sensor  not instal l ed ,  

2 .  N o  longwave radiatlion data a f t e r  9 /23 .  Watana base camp s h u t  
down fa r  w i n k e r ,  

3. Precipitation tipping bucket gage removed, so no da ta  a f t e r  
9 / 2 5 .  Storage p r e c i p i t a t i o n  gage i n s t a l l e d  i n  its place.  



Ns precip i ta t ion  data for October 

f See ZNmWRETATION OF DATA) , 
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WATANA WEATHER S T A T I O N  
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Additional csments  on this n;onth8s  data :  

1, New so l a r  sensor i n s t a l l e d  on 1065,  No data p r i o r  to t h i s  date, 

2 .  No longwave r a d i a t i o n  da ta ,  Watana base camp s h u t  down f o r  
w i n t e r ,  

3 ,  N e w  w e a t h e r  wizard model i n s t a l l e d  P0 /5 ,  Differences in re- 
cording methods w i t h  this model, compared w i t h  the o r i g i n a l  

A, Recorded data are averages of samples taken w i t h i n  the 
recr rd ing  i n t e r v a l  (p rev ious  30 m i n u t e s )  . O r i g i n a l  
weather wizards record i n s t a n t a n e o u s  values sf all 
parameters except  wind speed and d i r e c t i o n .  

B e  Samples are t a k e n  e v e r y  10 seconds, O r i g i n a l  weather  
w i z a r d s  sample every  15 seconds f o r  w i n d  speed and 
d i r e c t i o n ,  



No prec ip i ta t ion  data for November 

(See INmRTPXTATX6N OF DATA). 
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NRTANA WEATHER STRTION 
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RBM CONSULTANTS, INC. 

SUSITNA HYDROELECTRIC PROJECT 
WATANA WEATHER STAT ION 

N o v e m b e r ,  1984  
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Additional comments on this month's data:  

I, No loncprave r a d i a t i o n  data, Watana base camp s h u t  dawn f o r  
w i n t e r ,  
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None 

Additi.araal eomme~ts on this month" da t a :  

a, Data lost f o r  a l l  parameters from 12/10 to 12/13, 12/14 to 
12/17, and 12/19 to 12/31 due to power source f a i l u r e .  

2 ,  No lanykjave r a d i a t i o n  d a t a ,  Watana base camp shut  down for 
w i n t e r ,  
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TABLE A *  1 CONVERSlON FACTORS 

mi l l imeter  (mm) 0,03937 

cent imeter  (cm) 0 3937 

s q u a w  cent imeter  (crn2) 0,1550 

meter  In31 3.281 

squat-e meter ( m 2 ]  10 ,76  

mete r  p e r  second ( r n / s j  3,821 

m e h e r  p e r  second (rn/s)  2 ,237  

meter p e r  second Qm,/s] 1 .544 

degree Celsius ('C) O F =  9 /5 (C)  '32 

w a t t -  hou r (WH) 3.413 

tvat t -hour (NH) 3600 

rni i l iwa t t  (msv) 0,003413 

mi l l iwat t  p e r  squa re  0.1040 

cent imeter  (mw/cm2 

w a t t -  h o u r  per square 

metes- fWW/m2) 

w a t t - h o u r  per square 

meter  (WH/m2) 

To Obtain 

inch ( i n )  

i n c h  ( in) 

s q u a w  inch ( i n 2 )  

ha% ( f t )  

squa re  foot ( f t 2 )  

foot p e r  second (dt/s) 

m i l e  per- hour. (mph)  

k n o t  ( k t )  

degree Fahrenhe i t  ( O F )  

B r i t i s h  Thertalal Uni t  

Q BTU) 

joule (J) 

BTU per hour (BTU/h  r )  

BTU p e r  h o u r  per  square  

foot ( B T U / h r - f t q  

BTU per  s q u a r e  foot 

f BTUiPtZ)  

langley ( fyf  





TABLE  C ,  'I 

[ V A P O R A T  I ON DATA, WATANA CAMP, 9 984 

S t a r t  
t 1 . 0 3  
0 * 

0 * c19 
4 

fr 

O . I' ta, 
CI .Oi5(C?  j 
0 . 7 3  

J ~ 1 n 2  - - 

0 ,  18 
(1 .  19 
0 2 0  
0,12 
0 . 2 2  
0 .  42 

.H 

* 
.it 

+t 

r:. 3 7  
0.06 
tl . 11 7 
0 .19  
O.OCile) 

3( 

* 
(1, 117 
0 .31  
(1.81 
0 .64  
0,28  
0 , 8 3  
0 . 3 0  
0 . 1 2  
1) . 24 
C7 . C' 5 
0 . 0 3  
f j  a (12 
0 , O i  

- A Y - - -  

f1.21 
0 . I1 7 
0 , ? 1  * 
0 . 4 (7 
0 a 5 8  
0 .  21? 
?-I s 1 7 
0 * 14  
0 .06  
0 , i l  
0 . 1 8  
I). 1 4  
0 . 0 0 
0 . 0 9 j c )  
0 , 0 8 ( e )  
C).01 ( c )  
O.Cf0fe) 
0.0Lk(e f 
O . ( i 7 ( e )  
Li.fJCI(E3) 
0 .  O O [  e ) 
0 . 0 8  
0 . 1 5  
0 . Cfc) 
0 . 0 13 
O.OBd(e) 
O . O l ( e )  
tt OiSje)  
C f . O 3 ( e )  
17 . 13 6 

NOTE: A l  l va i u e s  d r e  f o r  a 24-ho~cr p e r i o d  end ing  a t  a p p r - o x i m a t e l y  5800 ora d a t e  
shown, 

++ pa -, o b s c r v a t  i o n  an t h i s  d a t e .  A m c l t t n t  i r lc l~rcled i n  f o l  lowing measurement, 
t imc: d i s t  r s t  btr, i or1 t l - j knuwn .  

j e )  P f - e c i p i d a t i o n  dat ,a  r i l r s s i t ry  hilt. estrinat .ed f w m  o b s e r v e r s  n o t e s  and rc?c~b-ds 
fr-om n e a r b y  s i a t i o f - i s .  

( i ) i c e  l a y e r  on w s t e r  s u r f a c e .  

A i ~ i g ~ t  s t ---- - 

@ . 0 8 ( s i  
O . f i 2 ( e )  
0 , 0 5 f e f  
(1, 3 7 ( e $  
0 ,  t 5 ( e )  
O.i)C7(ttj 
0.2t l(e  j 
0 "  79 
0 . 1 7  
0 . 0 0  
0 . 5 5  

Si. 

0 ,  38 
0 . 7 7  
0 ,  711 
O , l 6  
0 . 1 3  
If, 06 
0.04 
0 .  0rP 
0 .  (35 
(3 . I 1  4 
0 . 0 0  
0 , o n  
0 . i l ( 3  
0.  04 
(3.23 
0 .  ? i t (  i ) 
0 . 0 3 (  ! 1 
0.2ht( r f 
0 . 1 2  

Sep teembe 1" -- 

0,10(  r ) 
0 . 63 9 
0 . 0 8 (  i 1 * 
0 . 2 1  
(J 0 6 
0 .  0 2  
0 .G6  
C ) . i 2 ( I )  
0 .06(  i )  
0 .  r j l i  

0 . 0 8  
0.132 
0 . 0 8  
0 . 7 2  

end 0s' d a t a  

M Monthly t o t a  r i; a p p r o ~ i s n a t e ,  based on a p a p - t i a  l secord o n l y ,  


