
PROCESSED CL 6 DATA 
OCf OBER 6983 - DECEMBER 1984 

VOLUME 4 
WATANA STAT 

No. 0658 1 

U M B E R  C O M T W A e B  T @  
FINAL REPORT 

MARZA-EBABCO 
SUSITNA 30ffNT VENTURE 

JUNE l@@S 

DOCUMENT Mayp 2770 

ALASKA AUTHOR 



SUSITNW HYDROELECTRIC 

PROCESSED CLXMWTEC DATA 

OCTOBER 1983 - DECmBER 1984 

VOLUME 4 

WATAN& STATION (No, 06501 

U n d e r  Contract to 

Warza-Ebasco Susitna .Joint Venture  

Prepared  for  

Alaska Power Authority 

~ i n a l  Report 

June 3985 



ALASKA POWER AUTHORITY 

SUSI"rNA HYDROELECTRIC PROJECT 

T A S K  4 - HYDROLOGY 

PROCESSED ChlMA-ritC DATA 

OCTOBER 1983 - DECEkIBER 1984 

VOLUME 1 : 0610 - SUSITNA GLACIER STATION 

VOLUME 2 :  0620 - DENALB STATION 

VOLUME 3 :  0640 - KQSlNA CREEK STATION 

VOLUFAE 4 :  0650 - KATANA STATION 

!JOtUME 5: 8660 - DEVIL CANYON STATION 

VOLUME 6: 0665 - SHERMAN SYATtON 

VOLUME 7 :  8686.5 - EKLUTNA LAKE STATION 



ALASKA POWER AUTHBRITY 

SUSlTNA HYDWOELECTRIC PROSECT 

PROCESSED CLIMATIC DATA - WATANA STATION 

OCI1(3rBER 1983 - DECEMBER '1984 

TABLE OF CONTENTS 

Volurne f ndex 

L.is-t of  Tables 

L i s t  of F igures  

Ac knowledgmet~ts 

1 .8 BACKGROUND 

1 .1  Purpose 

1.2 Station Description 

1.3 Methods of Da ta  Collection 

1 . 4  S t a t i o n  H is tory  

2 . 0  A N N U A L  DATA SCJMMARY 

3 . 0  REPOR-T PREPARATION 

3.1 Description of Symbols Used i n  A n n u a l  a n d  Monthly 

Summaries 

3.2 Data  Computation S t a n d a r d s  (Climate) 

4 .0  INTERPRETATION O F  DATA, 1983-83 

4.1 Gensa-al Cornmen t s  

4 .2  Cominents on Specific P a r a m e t e r s  

PAGE 



T A B L E  OF CONTENTS (Continued) 

PAGE 

5.0 MONTHLY CLIMATIC DATA SUPMARIES 

Wakana S t a t i o n ,  1983-84 

~ 6 - 0  REFERENCES 

~ APPENDICES 

Conversisn Factors 

Wyoming Gage Precipitation Measurements 

Watana Climate Station, 1983-1985 

Evaparaticn Data 

Wa tana  Camp, 1984 

A - I  



LIST OF TABLES 

Table 

1 . 1  

Description 

Angular Elevations of Terra in  Obst ruc t ions  

A round  Wataraa Weatlaer Station 

Descript ion of Meteorologic Sensors 

l nspection Da tes  and Maintenance, Wa tana  

Climate Statior,, October 1953 to 

December 1984 

Exp lana t ion  of D a t a  Gaps,  Watana  

Cl imate Station, October 1983 to 

December 1984 

Page 

1-4  

Adjustments  Made t o  Raw Data, Watana  1-8 

Climate Sta t i on ,  October 1983 to December 1984 

Est imated Missing D a t a ,  Wa tana  Cl imate 

S t a t i o n ,  October 1983 t o  December 1984 

Summary of  Cl imate D a t a  Recorded a t  Watana  

S t a t i o n  (No. 0650) ,  October  1983 to  

December 1984 

Percent of Total  Possib9e Oboei-vations 

Recorded a t  Watana  Climate Sta t ion,  

October 1983 to December* 1984 

Conversion Factors A - 1  

Wyorning Gage  Prec ip i ta t ion D a t a  W a t a n a  Cl imate E3-1 

S t a t i o n ,  1983-1985 

Evaporation Data ,  Wa tana  Camp, 1984 c - 1 



Figure 

1 - 7  

1 . 2  

2 .1  

Description 

Location Map: Sus i t na  Project Meteorologic 

S ta t ions  

Location Map, Wa tana  Climate S t a t i o n  

Sequential Plot of Climatic Data ,  Watana 

S ta t i on ,  October 1983-December 1984 

Page 

I - -10  



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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