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CONVERSION FACTORS 

For readers who may prefer t o  use metric ( In terna t ional  System) u n i t s  
r a t h e r  t h a n  inch-pound u n i t s ,  the conversion fac tors  f o r  the terms used in 
t h i s  r e p o r t e a r e  l i s t e d  below: 

Hulti~lv inch-~aund u n i t  bY T w  n i t  

inch ( in .  ) 25.4 mill imeter (nun) 
foo t  (ft) 0.3048 meter (a) 
mile ( m i )  1.609 kilometer (h) 
acre- foot  (acre- f t )  1,233 cubic meter (m3) 
cubic foot per  second (fts/s) 0.028317 cubic meter pe r  second (m3/s) 

SEA LEVEL 

In t h i s  report "sea leve ln  r e fe r s  t o  the ~ a t i o n a l  Geodetic V e r t i c a l  
Datum of  1929 (NGVD of 1 9 2 9 ) - -  a geode t i c  datum d e r i v e d  f rom a general 
adjustment of  t h e  f i r s t - o r d e r  l eve l  n e t s  of  both t h e  United S t a t e s  and 
Canada, fomerly called "Sea Level Datum of 1929." 

NOTE 

A s e c t i o n  entitled "Accuracy of Records" i s  inc luded  under the 
descr ip t ion  of the indivi'dual s i t e s  f o r  which d i scha rge  i s  computed. The 
accuracy of  s t reamflow records  depends primarily on: (1) the s t a b i l i t y  of 

- t he  stage-discharge r e l a t i o n  o r ,  i f  the control  is u n s t a b l e ,  t h e  frequency - of  d i s c h a r g e  measurements; and (2)  the accuracy of observations of s tage ,  
d i r e c t  (current  meter) measurements of discharge, and i n t e r p r e t a t i o n  sf the  
data. 

The U.S.  Geological Survey has h i s t o r i c a l l y  used subject ive terms t o  
describe the degree of accuracy of streamflow records. The term "excellentw 
means that about 95 percent of t h e  d a i l y  d i scha rge  f i g u r e s  are  w i t h i n  5 .  
percent of t h e  t r u e  value; "goodn r eco rds  are w i t h i n  10 percent of true 
value;  and " f a i r n  records are &thin  15 percent. Records are  rated "poor" 
when they do not meet the above c r i t e r i a .  Different degrees of accuracy may 
be a t t r i b u t e d  t o  d i f f e r e n t  p a r t s  o f  a given record ( e . g .  " f a i r 1 '  when 
af fec ted  by ice, but  otherwise "goodn). 



by Bruce B. Bigelow 

INTRODUCTION 

In 1981, the Alaska Power Authority (MA) completed construction of a 
dam an& spillway a t  the north end of Solomon Lake near Valdez (fig. 1). As 
part of the APA - U.S. Geological Survey cooperative program, the Survey 
began to collect streamflow data in the Solomon Gulch basin in September 
1986. This report briefly describes the water diversion facilities, their 
effects on streamflow, and the data-collection activities. 

Elevation of the dam on Solomon Lake is 695 ft and the spillway 
elevation is 685 Et (from construction plans). Water from the lake is 
diverted, by means of two 48-inch diameter penstocks (figs. 2-4), to a 
Copper Valley Electric Association (CVEA) powerplant near tidewater at Port 
Valde~. From the powerplant, water is diverted (by various routes; see fig. 
4) to the Valdez Fisheries Development Association (VFDA) fish hatchery, 
which lies across the Valdez Marine Terminal Highway from the plant. The 
hatchery also receives water from Solomon Gulch. via the Falls Creek 
Diversion, located about 600 ft upstream from the mouth. 

. Solomon Gulch flows northerly into Port Valdez frqm the mountains 
southeast and across Port ~aldez' from the city of Valdez (fig. 1). The 
headwaters of the gulch originate at the base of several small glaciers at 
altitudes of 3,000 to 4,000 ft and flow northerly for about 8 mi to Solomon 
Lake. Water diverted for power generation draws the lake level down and 
substantially reduces flow in the natural channel of Solomon Gulch during 
winter months. In spring, runofc from melting snow and ice begins to refill 
the lake, and in most years the lake begins to overtop the spillway by early 
July. Water then flows through a small lake and eventually rejoins the 
natural channel below the dam. Between the lake and tidewater at Port 
Valdez, the channel is very steep, is incised in near-vertical rock walls, 
and includes a series of waterfalls. The channel .itself is mostly bedrock, 
although the more gently sloping parts of the streambed are covered by 
gravel- to boulder-sized material. 

The Geological Surrey collected daily streamflow data at a site near 
the mouth of Solomon Gulch from July to December 1948 and from October 1949 
through September 1956. Regulation and diversion from the dam since 1982 
have significantly altered the natural flow characteristics of Solomon 
Gulch. In September 1986, data collection was begun in an attempt to 
determine mean daily discharge at four sites below,Solomon Lake and thus 
document the effects of regulation and diversion of water on the flow at 
various points in the system. Periodic discharge measurements and continuous 
records of water stage are being obtained at two of the sites, and daily 
discharge values are being computed for all four sites. Descriptions of the 

' 



Figure 1.-Valdez area showing location of Solhmon Lake and Solomon Gulch south 
of Port ValZez. 
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Figure 2.-Solomon Gulch downstream from Solomon Lake and location 
of U.S. Geological Survey.data-collection sites. , 
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Figure 4.- Schematic diagram of Solomon Gulch flow pattern. 



data-collection sites follow, and the records for September 1986 and water 
year 1987 (October 1, 1986' through September 30, 1987) are included in 
tables in this report. 

DATA-COUECTION SITES AM] DISCHARGE RECORDS 

Solomon Gulch Tailrace near Valdez 

(uses Streamgaging Station No, 15225996) 

P~scrintion of site: Location is at weir in the discharge pool 
downstream from the CVEA powerhouse, 350 ft upstream from mouth of the 
tailrace at Solomon Gulch. Elevation is about 40 oft above mean sea level; 
flow is not subject to tidal influence. . 

a a e  measurement and discharee values; Continuous stage record is 
obtained w i t h  an electronic data recorder located on the powerhouse 
"catwalk" and a pressure transducer installed in the weir pool. The 
concrete wetr 35 ft below the powerhouse (fig. 5) provides a stable control 
for the gage pool. Water discharged into the tailrace (fig, 6) has passed 
through one or both turbines fox power generation. Discharge values here 
represent flow past the weir and do not include any of the diversions to the 
VFDA hatchery. 

S t a g e - d i s c w e  0 e a o ements: A stage- 
discharge relation developed for this site is verified by ongoing direct - 
measurements near the weir. Twenty-six measurements were.made between 
September 1986 and August 1988, 

&rcuracv of records: The weir is virtually free of debris and does 
not appear to be affected by backwater from snow or ice. Records of 
discharge from the powerplanr are available for comparison. Records of 
dischqrge at this site (table 1) are generally considered good. 

Solomon Gulch Rnsss near Valdez 

(USGS Streamgaging Station No. 15225998) 

pescri~tion of bite: Location is in a pool at base of the farthest 
downstxeam falls on Solomon Gulch (fig. 7), 100 ft upstream from Solomon 
Gulch Tailrace and 300 ft upstream from the mouth at Port Valdez. Elevation 
is about 25 ft above mean sea level, and flow is affected (backwater) by 
extreme high tides on Port Valdez. 

S A andontinuous record of water 
stage in the gage pool is provided by an analog recorder driven by a gas - 
purge manometer system;  the orifice is installed in the pool and the 
recorder is located in the CVEA powerhouse. Large boulders at the outflow 
from thi pool create an extremely stable control for the gage pool. 



Figure 5. - Copper VaLley Electric Association powerhouse on Solomon Gulch. 



Tabre 1, -Discharge records at Solomon Gulch Toitrace near Valdez, September 1986 through September 1987 

Mmm valuma 
t 

1 

5.ptrmb.r total - 3716 Mom - 124 M s * h  - 140 M f i ~  - 80 Acre-feet - 7370 

Discharge, cubia faat  pas wcond, water year Ootober lQ86,to Septrmber 1987 

Maan valuoa 
I 

* I 
Oat. Am. Doc. Jan. Peb. Mar. Apr .  M a p  ' hum July ~ r y .  

Watmr p a r  1987 Total 55428.80 Mew 110 Max- 201 Miaimmi .OO Acrrfemt 8BlhO 



Figure 7. - Solomon Gulch Bypass. 



Discharge values here represent flow over the spillway of the dam on 
Soloman Lake plus any inflow between the dam and the gage, minus the Falls 
Creek Diversion. Because channel conditions almost always prevent direct 
measurement of discharge near the gage pool, values of discharge at this 
site are determined by measuring discharge in Solomon Gulch below its 
confluence with the powerhouse tailrace and subtracting the discharge at the 
tailrace (station No, 15225996, Solomon Gulch Tailrace) at the time of 
measurement. 

&age-discharee relation and discharee measurements: A stage- 
discharge relation was developed for this s i t e  and is verified by pexiodic 
current-meter measurements. Twenty- three measurements were made be tween 
September 1986 and August 1988. On July 29, 1988, a direct measurement was 
also made between the gage pool and the mouth of the tailrace (fig. 8). The- 
results verified the computed discharge with 1.2 percent. 

Accuracv of records: The stage-'discharge relation (rating curve) for 
this site is subject to considerable deviation or shifting. During summer 
and fall, various types of debris - -  leaves, twigs, and dead salmon - -  lodge 
between the boulders and raise the level of water in the gage pool. In 
winter, the stage-discharge relation is affected by backwater caused by snow 
and ice on the boulder control. Records of discharge (table 2) are 
considered good, except for those during periods of ice effect, which are 
rated as fair to 2oor. 

Solomon Gulch at  Too of Fallg 

(USGS S treamgaging Station ~ a .  15225997) 

Descri~tion of site: Location is at the top of a series of falls; 
109 fr downstream from the Alyeska Pipeline Serrice Company bridge, and 0.3 
mi upstream from the mouth at Port Valdez. Elevation is 400 ft above mean 
sea level, from topographic map. 

Stape measurement and discharrre values: Water stage is not being 
recorded. Daily discharge values for this site are determined by adding 
values of the Falls Creek Diversion, provided by employees of the VFDA 
hatchery, tu daily discharge values for the Solomon Gulch Bypass site 
(station No. 15225998). Water is diverted to the hatchery via the Falls 
Creek Diversion, located about 1,000 ft downstream from this site and about 
300 ft upstream f r b m  the bypass gage site. 

Profiles of the high-water marks for the flood of October 11, 1986, 
.and channel geometry on the upstream side of the pipeline bridge were 
surveyed in July 1987. Computarrions from this indirect measurement survey 
indicate a peak flow of 3,280 ft3/s through the bridge opening. Figure 9 
shows the maximum height of the water surface about 100 ft upstream from the 
bridge. At peak stage of the flood, water was in contact with the bottom 
upstream bridge stringer. 

Discharge measurements* Only two direct measurements of flow have 
been made at the "Top of Falls" site - -  on September 24, 3987 and on July 
29, 1988. 







The direct discharge measurements indicate that 
computed discharges are from 5 to 10 percent low in the 150 to 200 ft3/s 
range. However, overall records of, discharge at this site '(table 3) are 
considered to be of fair to poor accuracy. 

(USGS Streamgaging Station No. 15226000) 

Descxi~tion of site: Location is at mouth of Solomon Gulch at Port 
Valdez (sea level), 3.8 mi southeast of city of Valdez. 

Pisch~rne values: -Neither discharge nor water stage are measured at 
this site. Computed discharge values represent the total flow for Solomon 
Gulch. This includes flow at Solomon Gulch Tailrace (station No. 152251996). 
Solomon Gulch Bypass (station No. 15225998), the Falls Creek Diversion, and 
all penstock diversiuns to the VFDA hatchery. Tables of daily diversion to 
the hatchery are provided by VFDA. However, because the hatchery discharges 
"usedn water directly into Port Valdez, direct measurements of that 
discharge for verification are virtually impossible. 

The average annual discharge of Solomon Gulch at its mouth for water 
years 1950-56 (7 years), before any regulation of flow, was 144 ft3/s; the 
cosputed mean discharge for water year 1987, adjusted for changes in storage 
in Solomon Lake, was 194 fts/s, about 35 percent higher than the earlier, 
longer tern average value. This higher value seems reasonable if it is 
compared to the nearest long-term station in a comparable env-lranment, Power 
Creek near Cordova (USGS streamgaging station No. 15216000). The average 
discharge at Power Creek for water years 1950-56 was 248 fta/s. Mean 
discharge at Pover Creek for the 1987 water year was 317 ft3/s or 28 percent 
higher than for the 7-year period. 

In addition to the calculated "actual" daily flow values at the sire, 
the Geological Survey publishes an additional set of monthly flow values , 
adjusted to account for changes in storage in Solomon Lake. This is an 
attempt ;;a "reconstructu natural or unregulated runoff .patterns 'for Solomon 
Gulch. 

Accuracv of records: On the basis of comparison with power Creek, 
and on the expected accuracy of records for other data-collection sites in 
the basin, records of discharge at the mouth of Solomon Creek (table 4) are 
considered good. 



* 

Table 3. -Discharge recorb at Solomon Gulch at top of  falls near Valdez, September 1986 
through September 198 7 

Dirchugo,  cubic feat  pox ~ocond, Smptwbrr 1986 

S.pt.mber total - 2481.2 *la - 82.7 -. 604 hi- - 8.3 k r o - f e a t  - 4820 

Dischmram, cubic f ~ t  par ~mcoa8, m t a r  year Databet la86 to Smpt.mbor 1987 

Dm Oct .  Mw. Dec. Jm. Fa. . A p r .  M y  J M ~  July AM. S o p t .  

Total 

Water p a r  1987 Total 25078A Mom 68,7 Maximmu 2140 Mini& 6.0 Acra-fert 49740 



' 4  

C 

Table.4. -Discharge records for Solomon Gulch near T701der, S4ptember 1986 tirrough September 1987 

Dimchu~m. arbic fmmt par racand. Smptdmr la86 
Ham vmlumm 

&ptrb.r (.djwtmd for chrryo in So- W m  storam) b J l m  - 201 Cubic f n t p r  m a d  par mquarm mila - 10.20 
-off in inchom - 11-39 krm-foot - 11,9M 

Dischusm. cubio fnt pr  ~eeond, mter pu Octobmr 1088 to S a p W e r  1887 
Ham vrlu*. 

D*Y kt. Ikv. Dme. J~I .  P&. . hpr. Jwm July A .  apt. 

To- 0601 3461 3595 3295 3652 371' 2895 4327 4621 B607 11853 12538 
b r m  310 115 118 106 13 0 l20 98.5 140 154 310 286 4 18 

2230 138 139 135 144  145. 129 171 164 510 493 1740 
Hi- 120 96 93 89 109 85 13 56 140 150 170 171 
Acre-Ftl9OLO 6860 7130 6540 7240 7370 5740 8580 0170 lOO60 17560' 24870 

Mju8t.d for  cb.ryw in storam in Solamu L.ka 

Oct. m. D.c. Jan. Fob. Pkr. Apt .  Jmm Julf hug. S-. 

hat 291 79 4 1 39 19 51 20 211 436 419 286 4 18 
Cubie ft. 

p.r p r  mi 14.8 4.01 2.08 1 0.96 2-59 1.02 10.7 22.1 21.3 1 21.2 

~atmr 7 . a  1987 H.ra 194 Cubie fwt per mmcond par mqurrm d l m  9.85 Runoff in incham 133.38 Acra-fmmt 140,100 


