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I .  INTRODUCTION 
The Sonoma County Board o f  Supervisors on October 17, 1978, i n s t r u c t e d  

t h e  Department o f  P1 anning t o  develop an Aggregate Resources Management 
Plan. The adopted p l a n  cons is t s  o f  t h r e e  pa r t s .  The aggregate min ing  p lan  
s p e c i f i e s  which lands w i l l  be a v a i l a b l e  f o r  t h e  e x t r a c t i o n  of aggregate 
m a t e r i a l s  f o r  t h e  nex t  f i f t y  years.  The managed resource and open space 
p lan  prov ides  f o r  t h e  p r o t e c t i o n  o f  t h e  environmental  q u a l i t y  and t h e  
rec lamat ion  o f  mined lands.  The hyd ro log i c  change p l a n  i nc ludes  a program 
f o r  mon i to r i ng  t h e  hyd ro log i c  c h a r a c t e r i s t i c s  o f  t h e  Russian R ive r  i n  o rder  
t o  determine t h e  annual r a t e  o f  replenishment o f  aggregates and t h e  long-  
term s t a b i l i t y  o f  t h e  channel. The Sonoma County Department o f  Planning 
r e t a i n e d  Simons, L i  & Associates,  Inc .  t o  a s s i s t  i n  t h e  t h i r d  p a r t  o f  t h i s  
p l  an, p r e l  im inary  assessment o f  t h e  hydro1 og i  c impacts o f  g rave l  e x t r a c t i o n  
i n  t h e  Russian R ive r  based upon t h e  f i r s t  s i x  years o f  da ta  f rom t h e  
mon i to r i ng  program. 

1.1 P r o j e c t  Desc r iD t ion  

The hyd ro log i c  assessment dea ls  ma in ly  w i t h  t h e  Russian R ive r  m i l e s  - 23 to  and m i l e s  4 4  t o  6 3 .4 These two reaches con ta in  most o f  t h e  ins t ream 
and t e r r a c e  min ing  a c t i v i t y  i n  t h e  county.  The p r o j e c t  c o n s i s t s  o f  f o u r  
major  tasks :  C o l l e c t i o n  o f  da ta  and rev iew o f  t h e  c u r r e n t  hyd ro log i c  
mon i to r i ng  program, (2 )  Documentation o f  t h e  channel changes and min ing  
a c t i v i t y  f o r  t h e  s tudy p e r i o d  ( f a l l ,  1981 t o  spr ing ,  1986) and d e s c r i p t i o n  
of h i s t o r i c a l  r i v e r  t rends ,  (3 )  Ana lys i s  o f  i n f o r m a t i o n  ob ta ined from task  
2 i n  o rde r  t o  determine r e l a t i o n s h i p s  between g rave l  e x t r a c t i o n  and r i v e r  
responses such as b a r  movement o r  bank e ros ion  (a  p r e l i m i n a r y  assessment 
based upon t h e  f i r s t  s i x  years o f  t h e  mon i to r i ng  program) and ( 4 )  
Recommendation o f  r e v i s i o n s  t o  c u r r e n t  ope ra t i on  standards and t o  t h e  
h y d r o l o g i c  d a t a  c o l l e c t i o n  and management program based upon t h e  s tudy 
r e s u l t s .  

The f i r s t  t a s k  i nvo l ves  t h e  c o l l e c t i o n  o f  t h e  r e l e v a n t  l i t e r a t u r e  and 
con tac t  w i t h  t h e  p u b l i c  e n t i t i e s  i nvo l ved  w i t h  t h e  Russian R i v e r  such as t h e  
County o f  Sonoma and t h e  Sonoma County Water Agency. The County Department 
o f  P lann ing  c u r r e n t l y  conducts a e r i a l  surveys o f  t h e  s tudy reach two t imes 
a year .  The U.S. Army Corps of Engineers, San Franc isco  D i s t r i c t  performed 
severa l  s t u d i e s  and took  c ross -sec t i on  da ta  as ear ly  as 1964. The 

(1) 
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California Department of Water Resources performed a gravel mining study on 
the upper Russian River in 1984. The U . S .  Geological survey maintains b o t h  
streamflow and sediment gaging stations along the river. Several studies 
were done on the applicability of computer program HEC-6 for sedimentation 
anal ys i s . The Sonoma County Department of P1 anni ng produced the Aggregate 
Resources Management Plan which i s  an important source of information for 
this study. A list of the information sources used in this study is 
included in the references. 

The second task includes a detailed study of channel changes, gravel 
bar movement, bank erosion and mining activity in the study reach. The 
period for this detailed study is from the fall of 1981 to the spring of 
1986. Aerial photos were taken two times each year and used to develop 
cross-sections. The base map is from the fall, 1981 photos. Lines drawn 
on the base map show the low flow channel and river bank locations for other 
end of the study period (May, 1986). Approximately 100 river features are 
identified and their characteristics are monitored for each of the 10 sets 
of photos. This information is recorded on forms which are included in 
Appendix A .  Because two large flood events occurred during the study period 
(March, 1983 and February, 1986), the general historical river trends are 
briefly compared to the study period. This gives an indication if the period 
1981 to 1986 is characteristic of other five year periods in the past. A s  

much as possible, channel changes are correlated to the major flow events 
of 1983 and 1986. 

The third task relates gravel mining activity to local river response 
and determines the amount of aggregate replenishment that occurred during 
the study period. The County Department of Planning provided 10 sets of 
cross-section surveys for the study reach. Each set was made 6 months apart 
so the amount of mining at the end of each fall could be determined. By 
analyzing gravel bar movement, channel changes and rate of replenishment, 
current mining practices can be evaluated. A discussion of data base 
management i s  also included in this task. 

The fourth task involves the evaluation of the current hydrology 
monitoring program and the evaluation o f  current mining policies. Based 
upon the results of the analysis of safe yield for in-channel mining, 
recommendations are made about mining methods, extraction amounts, new 
potential sites and existing sites that adversely affect the river and its 
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adjacent lands. Data  needs will be refined and alternative collection 
methods discussed. 

1 .2  ReDort Structure 
Chapter 2 of this report presents the detailed documentation of 

channel changes for the study period. The river maps are included in 
Appendix B. Areas o f  
major bank erosion and increased mining activity are discussed in the text 
while the year to year description of approximately 100 river features is 
included in Appendix A. Chapter 3 discusses data management. Chapter 4 
presents the analysis of gravel mining impacts and the discussion of the 
rate of replenishment. Chapter 5 contains the recommendations for changes 
in the current mining standards and the hydrologic data collection program. 
Chapter 6 presents the conclusions of the report. The major sources of 
information used in this study are presented in Chapter 7. 

There are 15 plates at a scale of 1 inch = 400 feet. 
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11. DESCRIPTION OF CHANNEL BEHAVIOR 
2.1 General Descr i  D t  i on 

The Russian R i v e r  o r i g i n a t e s  i n  c e n t r a l  Mendocino County, 

approximately 15 m i l e s  n o r t h  o f  Ukiah, according t o  t h e  U.S. Geological  
Survey. It d r a i n s  an area o f  1485 square m i les ,  i n c l u d i n g  much o f  Mendocino 
and Sonoma Counties, and empties i n t o  t h e  P a c i f i c  Ocean a t  Jenner, about 20 
m i l e s  west of Santa Rosa, C a l i f o r n i a .  I n  general ,  t h e  r i v e r  f l o w s  i n  a 

south t o  sou theas te r l y  d i r e c t i o n ,  d r a i n i n g  a ten t o  t h i r t y  m i l e  wide 
c o r r i d o r  i n c l u d i n g  Dry Creek and Alexander Va l l ey .  A f t e r  n e g o t i a t i n g  t h e  
mountainous area j u s t  eas t  o f  Healdsburg, t h e  r i v e r  t u r n s  south and then t o  

t h e  southwest t o  the  ocean. A lso inc luded i n  t h e  drainage b a s i n  are Santa 
Rosa, Sebastopol, and t h e  C o t a t i  Va l l ey ,  a l l  t o  t h e  southeast o f  t h e  r i v e r ? s  
path.  

There a re  severa l  s i g n i f i c a n t  t r i b u t a r i e s  t o  t h e  Russian R i v e r  main 
s t e m  (see F igu re  2 . 1 ) .  Nor th  o f  Ukiah, t h e  East Fork Russian R i v e r  d r a i n s  
t h e  P o t t e r  Va l l ey ,  i n c l u d i n g  d i v e r s i o n  f l o w  from t h e  Eel R ive r .  Lake 
Mendocino i s  formed on t h e  East Fork by t h e  Coyote Dam, s h o r t l y  be fo re  f l o w  
en te rs  t h e  main stem. B i g  Sulphur Creek en te rs  f rom t h e  eas t  above 
Cloverdale,  near t h e  upper l i m i t  o f  t h i s  s tudy a t  R i v e r  M i l e  63. I n  the  
Middle Reach, Dry Creek empties much o f  t h e  western h a l f  o f  t h e  bas in  i n t o  
t h e  Russian R i v e r  a t  M i l e  30. Warm Springs Dam, l o c a t e d  about 14 m i l e s  
upstream of  t h e  Dry Creek/Russian R i v e r  conf luence, r e g u l a t e s  f l o w  o f  Dry 

Creek. Mark West Creek en te rs  t h e  Russian R i v e r  a t  M i rabe l  Park, j u s t  below 

t h e  p r o j e c t  boundary of t h i s  study. 

I n  a d d i t i o n  t o  these major t r i b u t a r i e s ,  o t h e r  smal l  creeks c o n t r i b u t e  
t o  t h e  Russian R i v e r  a t  va r ious  p o i n t s .  These i n c l u d e  I c a r i a  Creek, M i l l e r  
Creek, Sausal Creek, Maacama Creek, Brooks Creek, and A u s t i n  Creek. With 
t h e  excep t ion  o f  A u s t i n  Creek, these streams e n t e r  t h e  Russian R i v e r  w i t h i n  
t h e  p r o j e c t  boundar ies.  

2.2 H i s t o r i c  Chanqes 
Over g e o l o g i c  t ime,  severa l  events have caused s i g n i f i c a n t  changes i n  

t h e  Russian R i v e r  system. I c e  accumulat ion d u r i n g  t h e  P le i s tocene  epoch 
caused a l o w e r i n g  o f  sea l e v e l  o f  severa l  hundred f e e t ,  which r e s u l t e d  i n  

downgrading o f  t h e  r i v e r  channel t o  t h i s  new l e v e l  through t h e  u n d e r l y i n g  
r o c k  format ions.  As t h e  I c e  Age gave way t o  warmer temperatures, t h e  r i v e r  

4 
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Figure  2 .1  Map o f  Russian R i v e r  Basin 
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narrower i n  s e c t i o n  than t h e  Alexander Va l l ey  Reach. Bank e ros ion  has been 
observed t o  be more p reva len t  i n  the  Alexander V a l l e y  Reach than i n  t h e  
Middle Reach. This  i s  probably due t o  t h e  steeper s lope and bra ided f o r m  

o f  t he  Alexander V a l l e y  Reach, which make i t  n a t u r a l l y  l e s s  s t a b l e .  Bank 
p r o t e c t i o n  measures along t h e  Middle Reach have a l s o  c o n t r i b u t e d  t o  i t s  
r e l a t i v e  s t a b i l i t y .  

The M idd le  Reach con ta ins  more permanent i n -s t ream man-made s t r u c t u r e s  
than does t h e  Alexander V a l l e y  Reach. These i n c l u d e  t h e  Healdsburg dam, t h e  
Wohler Road br idge,  two b r idges  w i t h i n  t h e  c i t y  of Healdsburg, and Highway 
101. 

T r i b u t a r y  i n f l o w  t o  t h e  Alexander V a l l e y  Reach i s  l e s s  than f o r  t he  
Middle Reach. The Middle Reach con ta ins ,  i n  a d d i t i o n  t o  small  t r i b u t a r i e s ,  
t h e  conf luence w i t h  Dry Creek j u s t  below Healdsburg. 

With t h e  ass is tance o f  t he  Planning Department s t a f f ,  t h e  Alexander 
V a l l e y  Reach and M idd le  Reach were f u r t h e r  d i v i d e d  i n t o  8 and 3 subreaches, 
r e s p e c t i v e l y .  Th is  subreach de l  i n e a t i o n  was performed t o  enable a more 
d e t a i l e d  e v a l u a t i o n  o f  t h e  changes o c c u r r i n g  along each o f  t h e  major 
reaches. The boundar ies o f  each subreach correspond i n  general  t o  t h e  

boundar ies between areas o f  d e t a i l e d  mon i to r i ng .  The 11 subreaches w i t h i n  
t h e  Alexander V a l l e y  Reach and Middle Reach may be v i s u a l i z e d  through use 
o f  t h e  p l a t e s  i nc luded  i n  Appendix 8, wi th  re fe rence  t o  t h e  i n f o r m a t i o n  
prov ided i n  Table 2.1.  

The base map inc luded  i n  Appendix B o f  t h i s  r e p o r t  was prepared us ing  
a e r i a l  photographs taken October 20, 1981 on a sca le  of 1" = 400 ft. A s e t  
o f  s i m i l a r  photos had been taken i n  t h e  s p r i n g  and f a l l  o f  each yea r  o f  t he  
s tudy pe r iod ,  and were p rov ided  by t h e  Sonoma County Department o f  Planning. 

To photograph t h e  e n t i r e  20 m i l e s  o f  r i v e r ,  a group o f  f i f t e e n  
s t r a i g h t - l i n e  s e r i e s  of photos were taken. Each s e r i e s  covers f rom one t o  

f o u r  m i l e s  o f  channel l e n g t h  and t h e  s e r i e s  number corresponds t o  t h e  p l a t e  
number i n  t h i s  r e p o r t ,  Appendix B. Photos were taken i n  o r d e r  f rom the  
downstream end o f  t h e  s tudy reach (Ser ies  1) t o  t h e  upstream end (Ser ies  
15) .  The mountainous reach between RM 33 and RM 44 was n o t  inc luded;  t h i s  

s e c t i o n  f a l l s  between Ser ies  6 and 7. 
R i v e r  M i l e  markers a re  measured along t h e  p a t h  of t h e  channel, 

beginn ing a t  t h e  P a c i f i c  Ocean (RM 0).  Al though t h e  exact  l e n g t h  o f  t h e  
channel i s  s u b j e c t  t o  c o n t i n u a l  change, t h i s  system i s  most convenient f o r  
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Table  2 . 1  Subreach L i m i t s  

Middle Reach 
Subreach No. Ranae of River Miles 

1 23+0000 to 28+1000 
2 28+1000 to 31+1800 
3 31+1800 to 33+0000 

Alexander Vallev Reach 
Subreach No. Ranqe of River Miles 

4 44+0000 to 46+0000 
5 46+0000 to 48+0000 
6 48+0000 to 50+1000 
7 50+1000 to 52+3000 
8 52+3000 to 54+0000 
9 54+0000 to 57+4000 
10 57+4000 to 58+5000 
11 58+5000 to 62+2240 
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i n d i c a t i n g  l o c a t i o n s  along the  channel. For t h i s  r e p o r t ,  t h e  r i v e r  m i l e  
l o c a t i o n s  were taken f r o m  the  Aggregate Resources Management Plan F i n a l  E I R  

(Sonoma County Department o f  Planning, 1981). 
The f o l l o w i n g  paragraphs descr ibe the  major features along each o f  the 

11 subreaches o f  Russian R i v e r  de l i nea ted  f o r  t h i s  study. 

Subreach 1 (RM 23tOOOO t o  RM 28t1000, shown on P la tes  1 through 4) 
i nc ludes  t h e  r e l a t i v e l y  narrow ( g e n e r a l l y  l e s s  than 200 f t  wide) reach o f  
t h e  Russian R i v e r  extending approximately 5 m i l e s  upstream o f  Wohler Br idge. 
Abundant vege ta t i on  i s  no tab le  along both banks, and few g rave l  bars are 
ev iden t .  The channel appears t o  be l e s s  i n c i s e d  i n  t h e  upstream p o r t i o n s  
o f  t h i s  subreach. 

W i t h i n  subreach 2 (RM 28+1000 t o  31+1800, shown on P la tes  4 and 5 ) ,  
t h e  channel w i d t h  i s  g r e a t e r  than i n  subreach 1, and l e s s  d e f i n i t e  i n  p lan .  
The main channel s h i f t s  m i l d l y  from bank t o  bank along t h i s  subreach, and 
some g rave l  bars are ev iden t .  Several t r i b u t a r i e s  c o n t r i b u t e  t o  t h e  main 
channel a long t h i s  subreach, i n c l u d i n g  Dry Creek (RM 30t3000).  Highway 101 
crosses t h e  Russian R i v e r  a t  t h e  upstream end o f  t h i s  subreach. 

Subreach 3 (RM 31t1800 t o  RM 33t0000, shown on P la tes  5 and 6) i s  
crossed by severa l  major br idges.  Healdsburg Dam i s  l o c a t e d  near t h e  
downstream end o f  t h i s  subreach. The d i s t a n c e  between banks increases a t  
major bends (approx imate ly  600 ft near RM 33),  and m u l t i p l e  channels are 
ev iden t  a t  some l o c a t i o n s .  Several major g rave l  bars a re  ev iden t .  

Subreach 4 (RM 44+0000 t o  RM 46t0000, shown on P l a t e s  7 and 8)  
c o n s i s t s  o f  t h e  two m i l e s  of Russian R i v e r  downstream o f  Jimtown b r idge .  
The channel i s  ext remely narrow (150 f t  a t  some l o c a t i o n s )  and w e l l  d e f i n e d  
through a l a r g e  p o r t i o n  o f  t h i s  reach, b u t  i s  d i s t o r t e d  near t r i b u t a r y  
conf luences (between RM 44tOOOO and RM 44t4000). The Jimtown b r i d g e  appears 

t o  be i n h i b i t i n g  t h e  l a t e r a l  movement o f  t h e  channel a t  t h e  upstream end o f  
t h i s  subreach. 

Subreach 5 (RM 46tOOOO t o  RM 48t0000, shown on P l a t e s  8 and 9) extends 
two m i l e s  upstream o f  Jimtown Br idge.  Within t h i s  subreach, t h e  lowf low 

channel s h i f t s  f rom s i d e  t o  s ide,  and g rave l  bars a re  e v i d e n t  a long each of 
t h e  i n s i d e  bends. No major r i v e r  cross ings,  o t h e r  than Jimtown b r i d g e  a t  

t h e  downstream boundary, occur a long t h i s  subreach. 

Subreach 6 (RM 48tOOOO t o  RM 50t1000, shown on P l a t e  9) con ta ins  a 
succession of meanders o f  somewhat r e g u l a r  wavelength (approx imate ly  3000 
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ft) and amp1 i tude (approximately 1000 ft) . Massive gravel  depos i t s  a r e  
ev ident  along t h e  i n s i d e  bend o f  each major bend. 

W i t h i n  subreach 7 (RM 50t1000 t o  RM 52t3000, shown on P la tes  9, 10 and 
1 1 ) ,  t h e  meanders a re  a l s o  r e g u l a r  and f a i r l y  w e l l  developed, b u t  of g rea te r  
wavelength and l e s s e r  ampl i tude (approximately 4500 ft and 700 ft, 

r e s p e c t i v e l y )  than those present  i n  subreach 6 .  A l a r g e  meander scar i s  
ev iden t  between RM 51 and RM 5 2 ,  i n d i c a t i n g  t h e  h i s t o r i c  i n s t a b i l i t y  w i t h i n  
t h i s  reach. Highway 128 crosses t h e  study channel near t h e  upstream end o f  
t h i s  subreach (RM 52) .  The M i l l e r  Creek conf luence i s  l o c a t e d  near RM 5 1 .  

I n  subreach 8 (RM 52t3000 t o  RM 54t0000, shown on P l a t e  11), t h e  
meanders are l e s s  ev iden t .  However, t h e  l a r g e  meander scar near RM 53, and 
the  abundant depos i t s  along t h e  overbanks a t t e s t  t o  t h e  n a t u r a l  i n s t a b i l i t y  
o f  t h i s  reach. G i l l  Creek j o i n s  t h e  Russian R i v e r  a t  t h e  upstream end o f  
t h i s  subreach. 

Subreach 9 (RM 54tOOOO t o  RM 57t4000, shown on P l a t e s  1 1  and 1 2 )  i s  
r e l a t i v e l y  narrow (approx imate ly  400 ft) a t  i t s  upstream end, b u t  becomes 
ext remely wide (up t o  1200 f t )  and b ra ided  between RM 56+2000 and RM 
55t4000. The low f l o w  pa th  i s  i r r e g u l a r  and undef ined. 

W i t h i n  subreach 10 (RM 57+4000 t o  RM 58t5000, shown on P la tes  12 and 
1 3 ) ,  t h e  channel i s  f a i r l y  uni form and narrow. The low f l o w  paths s h i f t s  
f rom bank t o  bank i n  r e g u l a r  cyc les,  w i t h  wavelength o f  approximately 4000 
ft and ampl i tude o f  approximately 400 ft. 

Conta in ing t h e  upstream p o r t i o n s  o f  t h e  Alexander V a l l e y  Reach, 
subreach 11 (RM 58t5000 t o  62t2240, shown on P la tes  13 through 15) i s  very  
s i m i l a r  t o  subreach 10. A t  t h e  upstream end o f  subreach 1 1  t h e  channel i s  
ext remely d e f i n e d  and narrow (approx imate ly  150 ft wide).  Crocker Road 
crosses subreach 11 a t  RM 62.  Downstream o f  t h i s  cross ing,  t h e  low f l o w  
p a t h  i s  well defined, and g e n t l y  meanders between banks. Large g rave l  
d e p o s i t s  are presen t  w i th in  wide bends o f  approx imate ly  5 0 0 0 - f t  wavelength 
and 8 0 0 - f t  ampl i tude. 
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2.5 Channel Chanqes from F a l l  1981 t o  SDrinq 1986 
I n  general ,  maps o f  channel changes (Appendix B) and t h e  d e t a i l e d  

d e s c r i p t i o n s  of r i v e r  f ea tu res  (Appendix A) were prepared by a n a l y s i s  o f  the 
10 sequent ia l  photographs a v a i l a b l e  fo r  each l o c a t i o n .  To f a c i l i t a t e  
d i scuss ion  i n  t h e  t e x t ,  as w e l l  as c l e a r l y  r e l a t e  t h e  two Appendices, each 
r i v e r  f e a t u r e  i s  g i ven  an index number. The number i s  assigned according 
t o  t h e  R i v e r  M i l e  below t h e  f e a t u r e  and t h e  l e t t e r  i s  assigned i n  upstream 
sequence from t h a t  m i l e  marker. For example, t h e  t h i r d  fea tu re  upstream 
from RM 28 t o  be i d e n t i f i e d  i s  assigned index 28C. 

Phase I o f  t h i s  s tudy sought t o  map the  f o l l o w i n g  s i x  changes i n  t h e  
study reach: 

1. Bank e ros ion  
2.  Gravel ba r  m i g r a t i o n  
3 .  Min ing  a c t i v i t y  
4. Terrace p i t  a c t i v i t y  
5. Other f e a t u r e s  (dams, cross ings,  bank p r o t e c t i o n ,  e t c . )  
Any changes i n  each category were noted on forms i n  Appendix A and 

broken i n t o  s i x  month pe r iods .  A n o t a t i o n  appearing w i t h  a t ime  l i n e  below 

t h e  "F83" heading designates a change which occurred a f t e r  t h e  s p r i n g  1983 
photo and before t h e  f a l l  1983 photo. The t ime  l i n e s  associated w i t h  many 
o f  t h e  comments a re  n o t  in tended t o  i n d i c a t e  pe r iods  any more s p e c i f i c  than 
t h e  s i x  month i n t e r v a l s .  Comments w i t h o u t  t ime l i n e s  a re  general  i n  na tu re  

and n o t  made w i th  respec t  t o  s p e c i f i c  t i m e  i n t e r v a l s .  

o v e r a l l  p r o j e c t  reach. 

The f o l l o w i n g  subsect ions d iscuss each category as i t  r e l a t e s  t o  t h e  

2.5.1 Bank Erosion 
For t h e  purposes o f  t h i s  survey, t h e  bank was taken t o  be t h e  general  

v e g e t a t i o n  l i n e  which was n o t  r e g u l a r l y  washed away by w i n t e r  f l ows .  Where 
t h e  bank has been a l t e r e d ,  t h e  levee o r  armored s lope was considered t o  be 
t h e  r i v e r ' s  bank. M i g r a t i o n  o f  t h e  channel across t h e  bottom between the  
banks so des ignated was considered normal and d i d  n o t  c o n s t i t u t e  e ros ion .  
There were, however, many p laces where t h e  channel sought wider  meander 
loops than  t h e  width between banks would a l l ow ,  and e r o s i o n  a t  t h e  o u t s i d e  
o f  these loops occurred. The l a t t e r  e ros ion  events a re  i n c l u d e d  as features 
on t h e  photo s e r i e s .  
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The most no tab le  instances o f  bank e ros ion  were the  r e s u l t  o f  two 
p a r t i c u l a r l y  h i g h  f lows, one i n  March, 1983 and the  o the r  i n  February, 1986. 
I t  must be r e a l i z e d  t h a t  t h i s  f i v e  year p e r i o d  may n o t  be i n d i c a t i v e  o f  t he  
general r a t e  of change associated w i t h  s i m i l a r  t ime per iods,  due t o  the  
e f f e c t  o f  these two events. 

I n  t h e  Alexander V a l l e y  Reach (RM 63 t o  RM 44) t h e r e  were two 

p a r t i c u l a r  sec t i ons  which were changing ex tens i ve l y .  F i r s t ,  t h e  s e c t i o n  
from RM 57 t o  RM 53 (subreaches 8 and 9)  f e a t u r e d  several  wide loops which 
migrated downstream, p r o g r e s s i v e l y  widening t h e  banks by e rod ing  the  
r i p a r i a n  vege ta t i on  and mos t l y  undeveloped land.  I n  a d d i t i o n ,  t h e  sec t i on  
from RM 51 t o  Jimtown Br idge a t  RM 46 (subreaches 5 6 and 7) d isp layed  
s i m i l a r  behavior,  as w e l l  as washing away p a r t s  o f  severa l  c u l t i v a t e d  f i e l d s  
behind f o r m e r l y  vegetat  i on-protected banks. 

There were o n l y  a few o t h e r  i s o l a t e d  l o c a t i o n s  which exper ienced bank 
losses i n  t h e  Alexander V a l l e y  Reach. The undeveloped area a t  t h e  beginning 
o f  t h e  s tudy reach ( i ndex  62D, subreach 11) was eroded i n  1986, w h i l e  t h e  
bank oppos i te  t h e  M i l l e r  Creek conf luence appeared t o  erode, p o t e n t i a l l y  due 

t o  M i l l e r  Creek f l ows  ( index 51A, subreach 7 ) .  
The M idd le  Reach (RM 33 t o  RM 23) o f  t h e  Russian R i v e r  remained q u i t e  

s t a b l e  between i t s  banks throughout t h e  study pe r iod .  R i p a r i a n  vege ta t i on  
o u t s i d e  a sharp bend ( index 326, subreach 3) may have exper ienced some l o s s  
i n  1981 b u t  was e x c e p t i o n a l l y  s t a b l e  otherwise.  The o n l y  s i g n i f i c a n t  bank 
e ros ion  occurred i n  1982 a t  index 26B (subreach l), b u t  no f u r t h e r  l osses  
were observed. The l a t e r a l  s t a b i l i t y  o f  t h i s  reach i s  due i n  l a r g e  p a r t  t o  

t h e  system o f  levees a long t h e  channel. 
A t o t a l  o f  150 acres were l o s t  t o  bank e ros ion  a long t h e  Alexander 

V a l l e y  Reach and t h e  M idd le  Reach over  t h e  course o f  t h e  s tudy p e r i o d .  

2.5.2 Gravel Bar Uigration 
Between t h e  r i v e r  banks a s i g n i f i c a n t  amount o f  sand and g rave l  i s  

s t o r e d  i n  t h e  form o f  e r o d i b l e  bars.  I t  i s  common f o r  these bars t o  
g r a d u a l l y  move downstream as p a r t  o f  t h e  sediment t r a n s p o r t  process. Other 

f a c t o r s  may a l s o  c o n t r o l  t h e  l o c a t i o n  o r  movement o f  t h e  bars, i n c l u d i n g  
r e g i o n a l  geol  ogy and geography. 

The 

Alexander V a l l e y  Reach behaves as a dynamic, meandering system w i t h  the  
I n  t h e  Russian R i v e r  s tudy area two types o f  m i g r a t i o n  occur .  
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associated m i g r a t i n g  loops and bars. This  i s  e s p e c i a l l y  t h e  case along t h e  
s t r e t c h  from RM 59 (Cloverdale A i r s t r i p )  t o  RM 49 (subreaches 6 through l o ) ,  
R e f e r r i n g  t o  P l a t e  9 i n  Appendix B., a one-hal f  wavelength m i g r a t i o n  o f  t he  
bars i s  ev ident ,  a long w i t h  a widening o f  t he  meander loops.  M i g r a t i o n  was 
n o t  ev iden t  throughout t h e  e n t i r e  Alexander V a l l e y  Reach, b u t  where i t  d i d  
occur, t h e  m i g r a t i o n  d i s tance  was on the  order  o f  1400 ft. Consider ing t h e  
f i v e  year  study pe r iod ,  t h i s  averages ou t  t o  a m i g r a t i o n  r a t e  o f  280 f t / y r .  

The c o n s t a n t l y  changing o r i e n t a t i o n  o f  t h e  main f l o w  channel of t h e  Russian 
R i v e r  makes i t  d i f f i c u l t  t o  c o n t r o l  t h e  channel behavior  on a l o c a l i z e d  
scale.  

The Middle Reach, however, i s  n o t  dominated by such a dynamic process. 
I n  t h i s  reach, ve ry  l i t t l e  movement o f  t h e  sand and g rave l  depos i t s ,  which 
are l o c a t e d  where f l o w  v e l o c i t i e s  a re  lowered along t h e  s t a b l e  channel path,  
apparen t l y  occurs.  R e s t r i c t i o n s  a t  b r i d g e  c ross ings  and t r i b u t a r y  entrances 
are two types o f  f e a t u r e s  which tend t o  a f f e c t  bar  m i g r a t i o n  i n  b o t h  t h e  

A 1  exander Val 1 ey and Middl  e Reach. 

2.5.3 Mining A c t i v i t y  
Most g rave l  bars where min ing was p e r m i t t e d  t h a t  cou ld  be accessed by 

skimming equipment were mined t o  some degree d u r i n g  t h e  course o f  t h e  study 
pe r iod .  Skimming opera t i ons  were t h e  o n l y  means o f  p roduc t i on  used i n  the  
Alexander V a l l e y  Reach. The most s i g n i f i c a n t  amounts o f  p roduc t i on  i n  t h e  
M idd le  Reach were on t h e  t e r r a c e s  o u t s i d e  t h e  channel, as t h e r e  were fewer 
depos i t s  above t h e  water l e v e l  w i t h i n  t h e  r i v e r  banks. Table 2.2 shows t h e  

index number o f  each bar  o r  skimming s i t e  and t h e  yea rs  d u r i n g  which 
skimming occurred. More d e s c r i p t i v e  i n f o r m a t i o n  on these l o c a t i o n s  may be 

found i n  Appendix A. 

2.5.4 Terrace P i t  Act iv i ty  
A t  the beginning o f  t h e  p r o j e c t  s tudy p e r i o d  i n  1981, t h e r e  had 

a l ready  been ex tens i ve  mining o f  t h e  r i v e r  t e r r a c e s  o u t s i d e  o f  t h e  Middle 
Reach channel ,  These t e r r a c e  p i t s ,  as w e l l  as new ones dug d u r i n g  t h e  study 
pe r iod ,  have been l i m i t e d  t o  t h e  s t r e t c h  below t h e  Dry Creek conf luence (RM 
30). New p i t s  were begun throughout  subreach 1: a t  RM 26 adjacent  t o  index 

l o c a t i o n  26A, as w e l l  as a t  RM 25, where farmland was taken o u t  o f  
p r o d u c t i o n  a t  index 24C. The ex tens i ve  p i t s  a t  index 278 were enlarged, as 
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Table 2.2 Instream Mining Activity During the Study Period 

INDEX 
NUMBER 1981 1982 1983 1984 1985 1986 

23A** 
28B 
29C 
30D 
30E 
31A 
31B 
31E 
32D 
3 2 F  
43A 
43B 
44D** 
46C 
46E 
46F  
4 7A 
4 7 c  
48B 
48C 
48D** 
49A 
49B 
4 9 c  
49D 
50A 
50D 
52B 
52D 
53B** 
54A 
5 5 c  
56A 
5 7 0  
58A 
58C 
59A 
59D 
61A 
61B 
62B** 
62C 

X 
X 
X 
X 

X 

X 

X 
X 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 
X 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X 

X 
X 

X 
X 
X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X X 
X X 
X 
X X 
X X 

X X 

X 
X 

X 
X X 

X X 
X X 
X X 
X X 

X 
X 
X 

X 
X 
X 

X X 

NOTES: 1. MINING GENERALLY OCCURS IN THE SUMMER OF EACH YEAR 
2. It**" INDICATES THAT SOME PROCESSING OCCURRED ON SITE 

AT LEAST ONE YEAR 
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were t h e  p i t s  a t  30A (subreach 2 ) .  Processing operat ions near t o  these p i t s  
( 2 7 D )  were ended and the  area was smoothed and leve led .  

2.5.5 Other Features 
There a re  va r ious  br idges,  dams and summer cross ings along t h e  study 

reach. No new c o n s t r u c t i o n  was i n i t i a t e d  d u r i n g  the  study pe r iod ,  however. 
Several changes o f  bank fea tu res  were noted which were n o t  covered i n  t h e  
prev ious subsect ions.  Among these, a r i p r a p - p r o t e c t i o n  s e c t i o n  a t  index 546 

(subreach 9) was eroded and reduced i n  l e n g t h  over t h e  course o f  t h e  study. 
S i m i l a r l y ,  a s h o r t  p r o t e c t i o n  measure on t h e  l e f t  bank below RM 50 (subreach 
6 )  was damaged, p a r t i a l l y  by skimming which took p lace  the re .  A r a t h e r  l ong  
s e c t i o n  o f  eroding bank was p r o t e c t e d  by r i p r a p  a t  index 46E (subreach 5), 
a i d i n g  t h e  defense o f  c u l t i v a t e d  f i e l d s  the re .  

2.6 Sumnary 

Some s i g n i f i c a n t  channel changes occurred d u r i n g  t h e  study p e r i o d  
e s p e c i a l l y  i n  t h e  Alexander V a l l e y  Reach. The Middle Reach channel remained 
f a i r l y  s t a b l e  w h i l e  an increase i n  t e r r a c e  p i t  mining took  p lace  nearby. 
Most of  t h e  g rave l  bars i n  t h e  Alexander V a l l e y  t h a t  were access ib le  by 
equipment were mined a t  some t ime  d u r i n g  t h e  s tudy pe r iod .  A l l  major bank 

e ros ion  occurred i n  t h e  Alexander Val 1 ey Reach e s p e c i a l l y  between r i v e r  
m i l e s  53 t o  57 and between 46 t o  51. I n  these two subreaches g rave l  bar  
m i g r a t i o n  (down-val ley m i g r a t i o n  o f  t h e  meander bends) was observed. I n  

genera l ,  t h e  bars moved about 1,400 f e e t  i n  t h e  5 year  pe r iod .  This  

corresponds t o  an annual m i g r a t i o n  o f  approximately 280 f e e t  pe r  year,  which 
i s  comparable t o  t h e  r a t e  o f  375 f e e t  pe r  yea r  est imated by Sonoma County 
Water Agency (1972) .  The stream changes documented i n  t h i s  s e c t i o n  w i l l  be 
used i n  Chapter I V  t o  q u a n t i f y  t h e  stream response due t o  g rave l  min ing 

impacts and t o  determine r a t e s  o f  replenishment.  
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111. DATA UANAGEMENT 
The thorough documentation of cross-section data performed by the 

Sonoma County Department of Planning, the Sonoma County Water Agency and the 
Corps of Engineers provides a unique opportunity to quantitatively describe 
the river response during the last several decades and especially during the 
study period (fall, 1981 to spring, 1986). Alternatives for the management 
o f  existing and future data are discussed in this section. 

3.1 River Simulation Using HEC-6 
Several reports have been compiled discussing the applicability o f  the 

Corps of Engineers’ computer program HEC-6 to the Russian River (see, for 
example Storm 1980). This program computes the effective change in bed 
elevation given the channel geometry, bed material size and water discharge. 
The program has been successfully used in many river and reservoir studies. 
Its primary utility is for determining short and long term effects of 
channel modifications on overall river behavior for a given hydrologic 
event. A description of the model follows: 

3.2 Descriotion o f  HEC-6 Proqram 
General 

HEC-6 is a simulation program designed to analyze scour and deposition 
in a stream by modeling the interaction between the water-sediment mixture, 
the sediment of the streambed, and the flow hydraulics. The program 
computes the total sediment load discharge and gradation, the volume of 
scour or deposition, the change in bed elevation and the extent o f  bed 
armoring for a given hydrologic event. 

Boundary and Initial Conditions 
Sediment inflow into the upper end of the study reach is specified by 

a water discharge - sediment discharge rating table. A stage-discharge 
rating table is used to establish the water surface elevation at the 
downstream boundary of  the study reach. Initial bed material gradations for 
each cross-section are also specified. 
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Geometry 
The geometry o f  the study reach is specified by cross-section 

coordinate points similar to those used in the HEC-2 backwater model. A 

cross-section is divided into areas subject to scour and deposition and 
areas which are not, 

Hydraul i cs 
The flow hydrograph is approximated by a series of steady discharges, 

each having a specific duration. The standard-step backwater procedure i s  
used to solve the one-dimensional energy equation and the flow velocity, 
depth, width, and slope are calculated at each cross-section. In order to 
account for the lateral distribution o f  flow resistance, each cross-section 
can be divided into subsections. 

Sedimentation 
The sediment-continuity equation is used to adjust the bed elevations 

for scour or deposition. One of five methods may be used to calculate the 
potential transport capacity for each of several classes of grain sizes: 
(1) Laursen?s method; (2) Toffaleti?s method; (3) a user supplied 
relationship; (4) Yang?s stream power method; and (5) Duboys method. 

If the transport capacity exceeds the sediment discharge, available 
sediment is removed from the bed and/or banks until the capacity is 
achieved. The fractions of grain sizes in the bed are recalculated as 
material is exchanged with the stream. 

The transport rate is corrected for armoring of the streambed. 
Manning?s and Strickler?s equations along with Einstein?s bed-load function 
are used to calculate an equilibrium depth for each grain-size class. An 
equilibrium depth fur the mixture of grain sizes and accompanying maximum 
transported grain size is calculated such that there are enough larger 
grains to completely armor the surface. This equilibrium depth is the limit 
o f  scouring. 

A new equilibrium depth for the mixture i s  calculated for each 
discharge. The armor layer formed by previous discharges i s  tested and 
disturbed if unstable. All or part of the old armor layer may be destroyed. 
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3.3 DescriDtion o f  HEC-6 Data Reauirements 
Bed Material Gradation 

The average gradation of the bed material is required to a depth equal 
to the expected depth o f  scour. Bed samples are needed for conditions 
approximating those at the beginning of the simulation. For example, to 
simulate the first large winter flood, samples should be taken during the 
previously dry period. 

Gradations are needed for each cross-section of the geometric model. 
Therefore, the bed should be sampled at various places along the river 
representing different sediment conditions. 

Inflowing Sediment Load 
For the lower Russian River and Dry Creek, the suspended sediment load 

and particle size distribution for various discharges can be estimated from 
USGS records o f  sediment samples at both Dry Creek and Russian River near 
Guernevi 1 1  e. 

Water Discharge Hydrograph 

in USGS "Water Resources Data." 
The inflow hydrograph can be developed from an appropriate gage record 

Cross-Sect i onal Data 

avai 1 ab1 e. 
Cross-sectional data can be obtained from the numerous surveys 

N-Values and Expansion Coefficients 

procedures. 
N-Values and expansion coefficients can be estimated using standard 

Limits o f  the Movable Bed 
The horizontal limits of the movable bed can be estimated by studying 

aerial photographs of the river for the bank locations. 

Stage-Discharge Curve for Downstream Limit of Study 

aggradation or degradation. 
The downstream limit of a study reach should experience little 

This will ensure a stage-discharge curve for 
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the  s t a r t i n g  water sur face e l e v a t i o n  which i s  constant  w i t h  respect  t o  t i m e .  

Po in ts  i n  the  curve f o r  very l a r g e  f lows can be obta ined from stream gage 
data.  

Water Temperature 

be est imated f rom t h e  USGS “Water Resources Data.“ 
compute sediment f a l l  v e l o c i t y .  

The average temperature of t he  water under the  study cond i t i ons  can 

This  i s  necessary t o  

3.4 Cons t ra in t s  and AssumDtions of Model 

HEC-6 i s  a one-dimensional model. I t  cannot s imu la te  t h e  development 
o f  meanders, nor  can i t  spec i fy  a l a t e r a l  o r  v e r t i c a l  d i s t r i b u t i o n  o f  

sediment i n  a r i v e r .  Dens i ty  and secondary cu r ren ts  a re  n o t  accounted f o r  
i n  the  model. 

The format ion of bed forms cannot be d i r e c t l y  accounted f o r  by t h e  
model. The Manning’s n -va lue  can be made a f u n c t i o n  o f  d ischarge bu t  cannot 
be changed t o  account f o r  bed form development. 

HEC-6 i s  a s teady- f low model. A d ischarge hydrograph must be 

d i s c r e t i z e d  i n t o  a se r ies  o f  constant  f lows.  Th is  may n o t  be a reasonable 
method f o r  s i m u l a t i n g  dynamic events i n  l ong  r i v e r s .  

The e n t i r e  movable bed i s  assumed t o  aggrade o r  degrade t h e  same 
v e r t i c a l  d is tance.  The boundary between the  movable and f i x e d  p o r t i o n s  o f  

t he  bed remains constant .  I t  i s  t h e r e f o r e  d i f f i c u l t  t o  s imu la te  bank 
eros ion  and channel widening w i t h  t h e  model. I t  cannot p r e d i c t  t h e  exact  
l o c a t i o n s  where bank eros ion  w i l l  occur.  The e x t e n t  o f  degradat ion,  
however, i s  an i n d i c a t o r  of where bank e ros ion  i s  l i k e l y  t o  occur.  

An HEC-6 p r e d i c t i o n  o f  t h e  bed change f o r  a f u t u r e  f l o o d  event 
r e q u i r e s  a knowledge o f  t h e  d ischarge and d u r a t i o n  o f  t h a t  event.  Thus 
rep len ishment  r a t e s  and safe y i e l d  volumes cannot be determined unless the  
h y d r o l o g i c  events f o r  a g iven season are  known i n  advance. This ,  o f  course, 
i s  n o t  poss ib le .  The HEC-6 program can be used t o  es t imate  replenishment 

r a t e s  a f t e r  a f l o o d  event has occurred b u t  t h i s  would s t i l l  need t o  be 
v e r i f i e d  by an a e r i a l  survey. An a e r i a l  survey i s  t h e  most d i r e c t  way of 

de termin ing  t h e  r i v e r  response a f t e r  an event has occurred. 
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3.5 Other Sedimentation ComDuter Models 
Several other computer programs exist that compute river channel 

changes due to scour and deposition. The Simons, Li & Associates, Inc. 
(SLA) model and the FLUVIAL-12 model by Howard Chang are similar to HEC-6. 
The FLUVIAL-12 Model has the capability to simulate bank erosion but since 
it is a one dimensional model, it cannot predict the movement of stream 
meanders or the development of gravel bars. the current state-of-the-art 
of sediment transport technology has not yet been able to develop 
mathematical descriptions of the complex physical processes involved in a 
stream that meanders through a non-homogeneous geologic medium. Even if 
such capabilities are realized, they could not replace the qualitative cause 
and effect relationships that are derived from observation of the river 
during different flow conditions. 

3.6 Recomnendation 
Several computer programs have been developed which manage 1 arge 

amounts of data and allow convenient access. The Sonoma County Department 
of Planning currently uses such a program to store cross-section data for 
the hydrology monitoring program. Cross-sections at the same location can 
be plotted on top of each other for several years to determine if the river 
is degrading or being replenished at that location. Bank erosion and 
channel meanders can also be monitored. 

Analysis of the channel changes after the 1983 and 1986 flood events 
will yield qualitative relationships that can be generalized to predict 
potential areas o f  bank erosion, bed scour and deposition that may occur for 
a large flood event. This combined with the database management computer 
program can be used on a day-to-day basis by the Department o f  Planning to 
monitor problem areas along the Russian River and to anticipate f lood  
impacts upon river stability. All computational aids need data for 
verification so the program of conducting periodic river surveys will need 
to be continued. 

The above discussion indicates that predictive modeling may not be the 
answer to effective management of in-stream mining. A well organized, 
accurate aerial survey updated on a regular basis i s  the most direct method 
of obtaining the information needed to manage gravel extractim from the 
Russian River. It is recommended that a database program be used to manage 
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the large amounts o f  cross-section data involved. This program can be used 
with plotting software on any IBM compatible personal computer. Correlating 
historical events with channel response will give the County the general 
predictive capabilities it desires and the data management system will 
provide the current aggregate mining situation to the level of  accuracy 
requ i red. 
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IV. ANALYSIS OF GRAVEL UINING IMPACTS 
4.1 Introduction 

This chapter presents the results of analysis o f  Russian River 
behavior during the study period 1981 to 1986. The first section discusses 
some historical river trends. The second section presents the analysis o f  
the available survey data collected so far in the County's hydrology 
monitoring program. The third section estimates the sand and gravel deposit 
amounts based upon the particular hydrologic events that occurred during the 
study period. The fourth section discusses the river response to mining 
activity. The last section draws conclusions from the analysis and includes 
a discussion of the "safe yield" of  sand and gravel deposits. "Safe yield", 
in the context of this report, represents the amount of sand and gravel that 
can be extracted from the river without increasing instabilities such as 
channel degradation and bank erosion. 

4.2 Historical Trends of the Russian River 
4.2.1. Channel Gradient and Elevations 
Before 1965, Sonoma County's aggregate production was mostly centered 

at instream mines in the Russian River. Gravel mining had been accompanied 
by a noticeable drop in bed elevation over the period from 1940 to 1971 in 
the Middle Reach and Dry Creek. Table 4.1 and Table 4.2 (Aggregate 
Resources Management P1 an, Sonoma County P1 anning Department, October 1981) 
provide the changes in streambed elevation and gradient in the Middle Reach 
and Alexander Val ley, respectively, during that period. 

4.2.2. Channel A1 ignment 
In the report "Russian River Basin Study" done by the Corps o f  

Engineers (1980), it was determined that the Russian River meandered across 
large areas o f  the valley floor in the past. The meandering patterns 
between the site o f  Wohler Bridge and Healdsburg (the Middle Reach) formed 
a band as wide as 4,000 feet. After the Coyote Dam was built upstream in 
1958, the Corps o f  Engineers made some channel modifications in the 
Alexander Valley in an experimental attempt to stabilize the channel. The 
modifications 
jack1 ines and 
some o f  these 

included dredging, clearing vegetation, and installing 
flexible fencing bank protection when necessary. A1 though 
measures are still evident, most met with little success. 
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TABU 4.1 

CHANGE IN STREAMBED ELEVATION. AND GRADIENT 

MIDDLE REACH 

RUSSIAN RIVER 
(In Feet) 

River 1940 1971 
Mile Elevation Elevation Change 
23.2 37.5 30.5 - 7.0 
24.1 37.5 31.5 - 6.0 
25.1 43.6 33.1 -10.5 
25.7 48.7 35.0 -43.7 
26.8 55.0 36.5 -18.5 
27.7 53.0 37.3 -15.7 
28.7 58.8 43.7 -15.1 
29.7 59.5 52.1 - 7.4 
31.4 61 .O 59.6 - 1.4 

‘Based on thalweg elevations from surveys conducted by U S .  Army 
Corps of Engineers: 1940, 1972. 

Distance Change in 
Surveyed Elevation Gradient 

Year (Miles) (Feet) (FeetlMiles) 
1940 8.2 23.5 2.9 
1972 8.2 29.1 3.6 
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CHANGES IN STREAMBED ELEVATION AND GRADIENT 

ALEXANDER VALLEY 
RUSSIAN RIVER 

River 1940 1972 1975 1978 
Mile Elevation Elevation' Elevation" Elevation. 

41.2 
46.0 
49.8 
50.2 
50.5 
51 .O 
52.0 
56.8 
62.0 
63.8 

119.2(42.0) 
145.0 
179.0(49.7) 
- 

1 83.4( 50.7) 
- 

193.0 
234.0 
283.0(61.9) 
290.0(63.3) 

117.5 
146.5 
178.5 
178.5 
183.0 
187.0 
190.5 
234.5 
280.0 
296.0 

122.0 
145.5 
178.0 
181.5 
182.0 
185.0 
191.0 
237.0 
277.0 
297.5 

119.5 
143.5 
176.5 
179.5 
179.5 
184.5 
188.5 
233.0 
272.5 
299.0 

'Based on thalweg elevations from surveys conducted by U. S. Army 
Corps of Engineers (1940). 

'Based on thalweg elevations from surveys conducted by the Sonoma 
County Water Agency (1971-1978). 

Distance Change in 
Surveyed Elevation Gradient 

Year (Miles) (Feet) (FeetlMiles) 

1940 22.6 170.8 8.0 
1972 22.6 178.5 7.9 
1975 22.6 175.5 7.7 
1978 22.6 179.5 7.9 
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The Middle Reach, since its channelization, has remained fairly 
The Alexander Valley continues to exhibit its naturally unstable stable. 

behavior. This is not a new development, however, as mentioned above. 

4.3 Analysis of Hvdroloqv Monitorinq Proqram Data 
The hydrology monitoring program consists of two types of data: 

aerial photographs and detailed river channel cross-sections. Descriptions 
based on the photographs were discussed in Chapter 2. What follows is a 
description of the analysis of the channel cross-sections which were logged 
on computer spreadsheets. With additional time and staff, additional data 
from the photographic record of the monitoring program could be produced. 

The data had been transferred by the county from handwritten logs into 
computer spreadsheet files which occupy 30 floppy disks. Data representing 
470 different river section locations are available for one or more of the 
ten semi-annual periods over the project time span from fall 1981 through 
spring 1986. In order to facilitate analysis of this large amount of 
information, a1 1 data was transferred from the micro-computer spreadsheets 
onto a mainframe computer. Once this was done, extensive sorting and 
reconfiguring yielded two significant products: first, a listing of all 
cross-sections by season showing data gaps in the monitoring program (see 
Table 4.3), and second, a compilation of low point elevations, used to plot 
longitudinal river profiles for each season. Based on this information, 
further analysis was carried out. 

4.3.1 Qualitative Analysis 
Table 4.3 and Figures 4.1 and 4.2 show the compilation of existing 

cross-section locations listed by season. Several reaches lacked 
significant data, notably the lower end of the Middle Reach (RM 23-RM 29), 
as well as the Healdsburg area for the most recent year (fall 85-spring 86). 
A selection o f  cross-sections, supplemented with cross-sections furnished 
by Sonoma County Water Agency, were chosen for use in the HEC-2 hydraulic 
analysis and sediment continuity analysis, which is discussed in the next 
chapter. 

Qualitative analysis of river low point profile plots showed general 
r i s e s  in low point elevation between fall and spring, particulqrly in the 
high flow water years 1983 and 1986. Low point elevations generally 
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Table 4.3 Surveyed Cross Sections for the Hydrology Monitoring Program 

Fall 81 Spr 82 Fall 82 Spr 83 Fall 83 Spr 84 Fall 84 Spr 85 Fall 85 Spr 86 

SUBREACH 1 

23+ 300 23+ 300 23+ 300 
23~2300 

24+1530 24+1530 24+1530 24+1530 
24+3200 24+3200 24+3200 
2 5+2 500 25+2500 25+2500 25+2500 
26+3800 2 6+3 8 00 2 6+38 0 0 26+3800 26+3800 
27+2300 27+2300 2 7+23 00 27+2300 27+2300 
28+ 900 28+ 900 28+ 900 28+ 900 28+ 900 

SUBREACH 2 

28+3900 
29+3000 
30+2250 

31+1700 

SUBREACH 3 

32+3200 32+3200 
32+3300 

32+3400 32+3400 
32+3500 

32+3600 32+3600 
32+3700 

32+3800 32+3800 

28+3900 28+3900 
29+3000 29+3000 
30+2250 30+2250 

31+1700 

32+3200 
32+3300 
32+3400 
32+3500 
32+3600 
32+3700 
32+3800 

31+1700 

28+3900 
29+3000 

32+3200 
32+3300 32+3300 32+3300 
32+3400 32+3400 32+3400 

32+3500 32+3500 32+3500 32+3500 
32+3600 32+3600 32+3600 32+3600 

32+3700 32+3700 32+3700 
32+3800 32+3800 32+3800 32+3800 

30+2840 

30+3040 

30+3240 

3 0+3440 

30+3640 

30+3840 

30+4040 

3 0+4240 

30+4440 

30+4640 

30+4840 

30+5040 

30+5240 

31+ 160 

31+ 360 

31+ 560 

31+ 760 

31+ 960 

31+1160 

31+1360 

31+1560 

3 2+3 2 00 
32+3300 
32+3400 
32+3500 
32+3600 
32+3700 
32+3800 

28+3900 
29+3000 
30+2250 
30+2840 30+2840 
30+2940 30+2940 
30+3040 30+3040 
30+3140 30+3140 
30+3240 30+3240 
30+3340 30+3340 
30+3440 30+3440 
30+3540 30+3540 
30+3640 30+3640 
30+3740 30+3740 
30+3840 30+3840 
30+3940 30+3940 
30+4040 30+4040 
30+4140 30+4140 
30+4240 30+4240 
30+4340 30+4340 
30+4440 30+4440 
30+4540 30+4540 
30+4640 30+4640 
30+4740 30+4740 
30+4840 30+4840 
30+4940 30+4940 
30+5040 30+5040 
30+5140 30+5140 
30+5240 30+5240 
31+ 60 31+ 60 
31+ 160 31+ 160 
31+ 260 31+ 260 
31+ 360 31+ 360 
31+ 460 31+ 460 
31+ 560 31+ 560 
31+ 660 31+ 660 
31+ 760 31+ 760 
31+ 860 31+ 860 
31+ 960 31+ 960 
31+1060 31+1060 
31+1160 31+1160 
31+1260 31+1260 
31+1360 31+1360 
31+1460 31+1460 
31+1560 31+1560 
31+1700 
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Table 4.3  (continued) 
Fall 81 Spr 8 2  Fall 8 2  Spr 83 Fall 83 Spr 84 Fall 84 Spr 85 Fall 85 Spr 86 

32+3900 
32+4000 32+4000 

32+4100 
32+4200 32+4200 

32+4300 
32+4400 32+4400 

32+4500 
32+4600 32+4600 

32+4700 
32+4800 32+4800 

32+4900 
32+5000 32+5000 

32+5100 
32+5200 32+5200 
33+ 0 33+ 0 

32+3900 
32+4000 
32+4 100 
32+4200 
32+4300 
3 2 ~ 4 4 0 0  
32+4500 
32+4600 
32+4700 
32+4800 
32+4900 
32+5000 
32+5100 
32+5200 
33+ 0 

32+3900 
32+4000 
32+4100 
32+4200 
32+4300 
32+4400 
32+4500 
32+4600 
32+4700 
32+4800 
32+4900 
32+5000 
32+5100 
32+5200 

3 2 ~ 3 9 0 0  
32+4000 
32+4100 
3 2 ~ 4 2 0 0  
32+4300 
32+4400 
3 2 ~ 4 5 0 0  
32+4600 
32+4700 
32+4800 
32+4900 
32+5000 
32+5100 
32+5200 
33+ 0 

32+3900 
3 2 ~ 4 0 0 0  
32+4100 
3 2 ~ 4 2 0 0  
32+4300 
32+4400 
32+4500 
32+4600 
32+4700 
32+4800 
32+4900 
32+5000 
32+5100 
32+5200 
33+ 0 

32+3900 
32+4000 
32+4100 
32+4200 
32+4300 
32+4400 
32+4500 
32+4600 
32+4700 
32+4800 
3 2 ~ 4 9 0 0  
32+5000 
32+5100 
32+5200 
33+ 0 

32+3900 
32+4000 
32+4100 
32+4200 
32+4300 
32+4400 
32+4500 
32+4600 
32+4700 
32+4800 
32+4900 
32+5000 
32+5100 
32+5200 
33+ 0 

SUEREACH 4 

44+2200 44+2200 

4 4 ~ 2 4 0 0  44+2400 

44+2600 44+2600 
44+2700 

44+2800 44+2800 
44+2900 

44+3000 44+3000 
44+3100 
44+3200 

- 44+3300 
44+3400 44+3400 

44+3500 
44+3600 44+3600 

44+3700 
44+3800 44+3800 

44+3900 
44+4000 44+4000 
44+4200 44+4200 
45+1930 
45+2000 45+2000 
45+2200 45+2200 
45+2400 45+2400 
45+2600 45+2600 
45+2800 45+2800 
45+3000 45+3000 
45+3200 45+3200 
45+3400 45+3400 
45+3600 45+3600 
45+3800 

44+2200 

44+2400 

4 4 ~ 2 2 0 0  

44+2400 

44+2200 

44+2400 

44+2200 

44+2400 

44+2200 

44+2400 

44+2200 

44+2400 
44+2300 
44+2400 
44+2500 
44+2600 
44+2700 
44+2800 
44+2900 
44+3000 
44+3 100 
44+3200 
44+3300 
44+3400 
44+3500 
44+3600 
44+3700 
44+3800 
44+3900 
44+4000 
44+4200 

44+2500 
44+2600 
44+2700 
44+2800 
44+2900 
44+3000 
44+3100 
44+3200 
44+3300 
44+3400 
44+3500 
44+3600 
44+3700 
44+3800 
44+3900 
44+4000 
44+4200 

44+2600 
44+2700 
44+2800 
44+2900 
44+3000 
44+3100 
44+3200 
44+3300 
44+3400 
44+3500 
44+3600 
44+3700 
44+3800 
44+3900 
44+4000 
44+4200 

44+2600 
4 4 ~ 2 7 0 0  
44+2800 
44+2900 
44+3000 
44+3100 
44+3200 
44+3300 
44+3400 
44+3500 
44+3600 
44+3700 
44+3800 
44+3900 
44+4000 

44+2600 
44+2700 
4 4 + 2 8 0 0 
4 4 ~ 2 9 0 0  
4 4 ~ 3 0 0 0  
44+3 100 
44+3 2 00 
44+3300 
44+3400 
44+3500 
44+3600 
44+3700 
44+3800 
44+3900 
44+4000 
44+4200 

44+2600 
44+2700 
4 4 + 2 8 0 0 
44+2900 
44+3000 
44+3100 
44+3200 
44+3300 
44+3400 
44+3500 
44+3600 
44+3700 
44+3800 
44+3900 
44+4000 
44+4200 

44+2600 
44+2700 
44+2800 
44+2900 
44+3000 
44+3100 
44+3200 
44+3300 
44+3400 
44+3500 
44+3600 
44+3700 
44+3800 
44+3900 
44+4000 
44+4200 

44+2600 
44+2700 
44+2800 
44+2900 
44+3000 
44+3 100 
44+3200 
44+3300 
4 4 ~ 3 4 0 0  
44+3500 
44 +3 6 00 
44+3700 
44+3800 
44+3900 
44+4000 
44+4200 

45+2000 
45+2200 
45+2400 
45+2600 
45+2800 
45+3000 
4 5+3 2 00 
45+3400 
45+3600 

45+2000 
45+2200 
45+2400 
45+2600 
45+2800 
45+3000 
45+3200 
45+3400 
45+3600 
45+3800 
45+4200 

45+2000 
45+2200 
45+2400 
45+2600 
4 5+2 8 00 
45+3000 
45+3200 
45+3400 
45+3600 
45+3800 

45+2000 
45+2200 
45+2400 
45+2600 
45+2800 
45+3000 
45+3 200 
45+3400 
45+3600 
45+3800 

45+4400 
45+4600 
45+4800 
45+5000 
45+5200 

45+2000 
45+2200 
45+2400 
45+2600 
45+2800 
45+3000 
45+3200 
45+3400 
45+3600 
45+3800 

45+4400 
45+4600 
45+4800 
45+5000 
4 5+ 52 00 

4 5+2 6 00 
45+2800 
45+3000 
45+3200 

45+4400 
45+4600 

45+5000 
45+4800 

45+4400 
45+4600 
45+4800 
45+5000 
45+5200 

45+4400 
45+4600 
45+4800 
45+5000 
45+5200 

45+4600 45+4600 

45+5000 495000 
45+5200 45+5200 

45+4800 4 w a o o  
45+4600 
45+4800 
4 9 5 0 0 0  
45+5200 

45+4600 
45+4800 
45+5000 
45+5200 

45+4600 
45+4800 
45+5000 
45+5200 

SUBREACH 5 

46+ 120 46+ 120 
46+ 320 46+ 320 
46+ 520 46+ 520 
46+ 720 46+ 720 
46+ 920 46+ 920 

46+ 120 
46+ 320 
46+ 520 
46+ 720 

46+1020 
46+ 1 1 20 
46+1220 
46+ 1 3  2 0 
46+1420 
46+1520 

46+ 120 
46+ 320 
46+ 520 
46+ 720 
46+ 920 

46+ 120 
46+ 320 
46+ 520 
46+ 720 
46+ 920 

46+ 120 
46+ 320 
46+ 520 
46+ 720 
46+ 920 

46+ 120 
46+ 320 
46+ 520 

46+ 920 

46+ 120 
46+ 320 
46+ 520 
46+ 720 
46+ 920 

46+ 120 
46+ 320 
46+ 520 
46+ 720 
46+ 920 46+ 920 

46+1120 46+1120 
46+1220 46+1220 
46+1320 46+1320 
46+1420 46+1420 
46+1520 46+1520 

46+1120 
46+1220 

46+1420 
46+1520 

46+1120 
46+1220 
46+1320 

46+ 1.52 0 

46+1120 
46+1220 
46+1320 
46+1420 
46+1520 

46+1120 
46+1220 
46+1320 
46+1420 
46+1520 

46+1120 
46+1220 
46+1320 
46+1420 
46+1520 

46+1120 

46+1320 

46+1520 

46+1120 

46+1320 

46+1520 
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Table 4.3 (contir 

Fall 81 Spr 82 
lUed)  

Fall 82 Fall 83 Spr 84 Fall 84 Spr 86 Spr 83 Spr 85 Fall 85 

46+1620 46+1620 
46+1720 46+1720 
46+1820 46+1820 
46+1920 46+1920 
46+2020 46+2020 
46+2120 46+2120 
46+2220 46+2220 
46+2320 46+2320 
46+2420 46+2420 
46+2520 46+2520 
46+2620 46+2620 
46+2720 46+2720 
46+2820 46+2820 
46+2920 46+2920 
46+3020 46+3020 
46+3120 46+3120 
46+3220 4 6 ~ 3 2 2 0  
46+3320 46+3320 
46+3420 46+3420 
46+3520 46+3520 
46+3616 46+3616 
46+3720 46+3720 
46+3820 46+3820 
46+3920 46+3920 
46+4020 46+4020 
46+4120 46+4120 
46+4220 46+4220 
46+4320 46+4320 
46+4420 46+4420 
46+4520 46+4520 
46+4620 46+4620 
46+4720 46+4720 
46+4820 46+4820 
46+4920 46+4920 
46+5020 46+5020 
46+5120 46+5120 
46+5220 46+5220 
47+ 40 47+ 40 
47+ 140 47+ 140 
47+ 240 47+ 240 

47+ 440 47+ 440 

47+ 640 47+ 640 
47+ 840 47+ 840 
47+1040 47+1040 
47+1240 47+1240 

47+1440 47+1440 
47+1640 47+1640 

46+1620 
46+1720 
46+1820 
46+192 0 
46+2020 
46+2120 
46+2220 
46+23 20 
46+2420 
46+2 520 
46+2620 
46+2 7 2 0 
46+2820 
46+2920 
46+3020 
46+3 120 
46+3220 
4 6+3 3 2 0 
46+3420 
46+3 52 0 
46+3616 
46+3 7 20 
4 6+382 0 
46+3920 
46+4020 
46+4120 
4 6+4 2 2 0 
46+4320 
46+4420 
46+4520 
46+4620 
46+4720 
46+4820 
46+4920 
46+5020 
46+5120 
46+5220 
47+ 40 
47+ 140 
47+ 240 

47+ 440 

47+ 640 
47+ 840 
47+1040 
47+1240 

47+1440 
47+1640 

46+1620 
46+1720 
46+1820 
46+1920 
46+2020 
46+2120 

46+1620 
46+1720 
46+1820 
46+1920 

46+2 120 
46+2220 
46+2320 
46+2420 
46+2520 
46+2620 
46+2720 
4 6+2 82 0 
46+2920 
46+3020 
46+3120 
46+3220 
46+3320 
46+3420 
46+3520 
46+3616 
46+3720 
46+3820 
46+39 20 
46+4020 
46+4 120 
46+4220 
46+4320 
46+4420 
46+4520 
46+4620 
46+4720 
46+4820 
46+4920 
46+5020 
46+5120 
46+52 20 
47+ 40 
47+ 140 
47+ 240 

47+ 440 

47+ 640 
47+ 840 
47+1040 
47+1240 

47+1440 
47+1640 

46+2020 

46+1620 
46+1720 
46+1820 
46+1920 
46+2020 
46+2120 
46+2220 
46+2320 
46+2420 
46+2520 

46+1620 
46+1720 
46+1820 
46+1920 
46+2020 
46+2 120 
46+2220 
46+2320 
46+2420 
46+2520 
4 6+2 62 0 
46+2720 
46+2820 
46+2920 
46+3020 
46+3120 
46+32 20 
46+3320 
46+3420 
46+3520 
46+3616 
46+3720 
46+3820 
46+3920 
46+4020 
4 6+4 1 20 
46+4220 
46+4320 
46+44 2 0 
46+4520 
46+4620 
46+4720 
46+4820 
46+4920 
46+5020 
46+5120 
46+5220 
47+ 40 
47+ 140 
47+ 240 

47+ 440 

47+ 640 
47+ 840 
47+1040 
4 7 ~ 1 2 4 0  

47+1440 
47+1640 

46+1620 
46+1720 
46+1820 
46+ 1920 
46+2020 
46+2120 
46+2220 
46+232 0 
46+2420 
46+2520 
46+2620 
46+2720 
46+2820 
46+2920 
46+3020 
46+3 120 
46+3220 
46+3320 
46+3420 
46+3520 
46+36 16 
46+3720 
46+3820 
4 6+39 2 0 
46+4020 
46+4120 
46+4220 
46+4320 
46+4420 
46+4520 
46+4620 
46+4720 
46+4820 
46+492 0 
46+5020 
46+5120 
46+5220 
47+ 40 
47+ 140 
47+ 240 
47+ 340 
47+ 440 

47+ 640 
47+ 840 
47+1040 
47+1240 
47+1260 

47+1640 

46+1720 

46+1920 

46+1720 

46+1920 

46+2120 

46+2320 

46+2520 

46+2120 

4 6+2320 

46+2520 

46+2320 
46+2420 

46+2620 
46+2 7 2 0 
46+2820 
46+29 20 
46+3020 
46+3120 
4 6+3220 
46+3320 
46+3420 
46+3520 
46+3616 
46+3720 
46+3820 
46+3920 
46+4020 
46+4120 
46+422 0 
46+4 3 2 0 
46+4420 
46+4520 
46+4620 
46+4720 
46+4820 
46+4920 
46+5020 
46+5120 
46+5220 
47+ 40 
47+ 140 
47+ 240 

47+ 440 

47+ 640 
47+ 840 
47+1040 
47+1240 

47+1440 
47+1640 

46+2720 
46+2820 
46+2920 
46+3020 
46+3 120 
46+3220 
46+3320 
46+3420 
4 6+3 52 0 
46+36 16 
46+3720 
46+3820 
46+3920 

46+2720 

46+2920 

46+3120 

46+3320 

46+3520 

46+3720 

46+3920 
46+4020 
46+4 120 
46+4 220 
46+4320 
46+4420 
46+4520 
46+4620 
46+4720 
46+4820 
46+4920 
46+5020 
46+5120 
46+5220 
47+ 40 
47+ 140 
47+ 240 
47+ 340 
47+ 440 

47+ 640 
47+ 840 
47+1040 
47+1240 

47+1440 
47+1640 

46+2720 

4 6+29 2 0 

46+3120 

46+3320 

46+3520 

46+37 2 0 

4 6+39 2 0 
46+4020 
46+4 120 
46+4220 
46+4320 
46+4420 
46+4520 
46+4620 
46+4720 
46+4820 
46+4920 
46+5020 
46+5120 
46+5220 
47+ 40 
47+ 140 
47+ 240 

46+42 20 
46+4320 
46+4420 
46+4520 
4 6+4 62 0 
46+4720 
46+4820 
46+4920 
46+5020 
46+5120 
46+5220 
47+ 40 
47+ 140 
47+ 240 

47+ 440 47+ 440 
47+ 540 
47+ 640 
47+ 840 
47+1040 
47+1240 

47+1440 
47+1640 
47+1740 
47+1840 
47+1940 
47+2040 

47+2240 

47+2440 

47+2640 

4 7 ~ 2 8 4 0  
47+2940 
47+3140 
47+3340 
47+3540 
47+3740 
47+3940 
47+4140 
47+4340 
47+4540 

47+ 640 
47+ 840 
47+1040 
47+1240 

47+1440 
47+1640 

47+1840 

47+2040 47+2040 
47+2 140 
47+2240 47+2240 
47 +234 0 
47+2440 47+2440 
47+2540 
47+2640 47+2640 
47+2740 
47+2840 47+2840 
47+2940 47+2940 
47+3140 47+314Q 
47+3340 47+3340 

47+1840 

47+2040 

47+2240 

47+2440 

47+2640 

47+1840 

47+2040 

47+1840 

47+2040 

47+1840 

47+2040 

47+2240 

47+2440 

47+2640 

47+2840 
47+2940 
47+3140 
47+3340 

47+1840 

47+2040 

47+2240 

47+2440 

47+2640 

47+2a40 
47+2940 
47+3140 
47+3340 

47+1840 

47+2040 

47+2240 

47+2440 

47+2640 

47+2840 
47+2940 
47+3140 
47+3340 
47+3540 
47+3740 
47+3940 
47+4140 
47+4340 
47+4540 

47+1840 

47+2040 

47+2240 

47+2440 

47+2640 

47+2240 

47+2440 

47+2640 

47+2240 

47+2440 

47+2640 

47+2840 
47+2940 
47+314Q 
47+3340 

47+2840 
47+2940 
47+3 140 
47+3340 

47+2840 
47+2940 
47+3140 
47+3340 

47+2840 
47+2940 
47+3 140 
47+3340 
47+3540 
47+3740 

47+4140 
47+4340 
47+4540 
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Table 4.3 (continued) 

Fall 81 Spr 82 Fall 82 Spr 83 Fall 83 Spr 84 Fall 84 Spr 85 Fall 85 Spr 86 

47+4740 47+4740 47~4740 
47+4940 47+4940 47+4940 
47+5140 47+5140 47+5140 

SUBREACH 6 

48+ 60 
48+ 260 
48+ 460 
48+ 660 
48+ 860 
48+1060 

48+1460 
48+1660 

48+ 60 
48+ 260 
48+ 460 
48+ 660 
48+ 860 
48+1060 
48+1260 
48+1460 
48+1660 
48+1860 
48+2060 
48+2260 
48+2460 

48+ 60 
48+ 260 
48+ 460 
48+ 660 
48+ 860 
48+1060 
48+1260 
48+1460 
48+1660 
48+ 186 0 
48+2060 
48+2260 
48+2460 

48+3660 
48+3760 
48+3860 
48+3960 
48+4060 
48+4160 
48+4260 
48+4360 
48+4460 
48+4560 
48+4660 
48+4760 
48+4860 
48+4960 
48+5060 
48+5160 
48+5260 

48+3636 
48+3660 
48+3760 
48+3860 
48+3960 
48+4060 
48+4160 
48+4260 
48+4360 
48+4460 
48+4560 
48+4660 
48+4760 
48+4860 
48+4960 
48+5060 
48+5160 
48+5260 48+5260 48+5260 

49+ 80 
49+ 180 
49+ 280 
49+ 380 

48+5260 

49+ 80 
49+ 180 
49+ 280 
49+ 380 

48+5260 48+5260 
49+ 0 
49+ 80 
49+ 180 
49+ 280 
49+ 380 

49+ 80 
49+ 180 
49+ 280 
49+ 380 
49+ 480 
49+ 580 
49+ 680 
49+ 780 
49+ 880 
49+ 980 
49+1080 
49+1180 
49+1280 
49+1380 
49+1480 
49+1580 

49+1780 

49+1980 
49+2180 
49+2380 
49+2580 

49+2780 
49+2880 
49+2980 
49+3080 
49+3 18 0 
49+3280 
49+3380 
49+3480 

49+ 80 
49+ 180 
49+ 280 
49+ 380 

49+ 80 
49+ 180 
49+ 280 
49+ 380 

49+ 80 
49+ 180 
49+ 280 
49+ 380 

49+ 80 
49+ 180 
49+ 280 
49+ 380 

49+ 180 

49+ 380 

49+ 180 

49+ 380 

49+ 580 

49+ 780 

49+ 580 
49+ 680 
49+ 780 

49+ 580 

49+ 780 

49+ 580 

49+ 780 

49+ 980 

49+1180 

49+1380 

49+1580 

49+1780 

49+ 780 49+ 780 49+ 780 49+ 780 49+ 780 

49+ 980 
49+1080 
49+1180 
49+1280 
49+1380 
49+1480 
49+1580 
49+1680 
49+1780 
49+1880 
49+1980 
49+2180 
49+2380 
49+2580 
49+2680 
49+2780 
49+2880 
49+2980 

49+3180 

49+ 980 
49+1080 
49+1180 
49+1280 
49+1380 
49+1480 
49+1580 
49+1680 
49+1780 
49+1880 
49+1980 
49+2180 
49+2380 
49+2580 
49~2680 
49+2780 
49~2880 
49+2980 

49+3180 

49+ 980 
49+ 1080 
49+1180 
49+1280 
49+1380 
49+1480 
49+1580 
49+1680 
49+1780 
49+1880 
49+1980 
49+2 180 
49+2380 
49+2580 
49+2680 
49+2780 
49+2880 
49+2980 

49+3iao 

49+1180 
49+1280 

49+1180 
49+1280 
49+1380 
49+1480 

49+ 1680 

49+1880 
49+1980 
49+2180 
4 9 + 2 3 8 0 
49+2580 

49+1180 
49+ 1280 

49+1180 
49+1280 

49+1180 

49+1380 

49+1680 49+1680 

49+1880 
49+1980 
49+2180 
49+2380 
49+2580 

49+1680 
49+1780 
49+1880 
49+1980 
49+2180 
49+2380 
49+2580 

49+1780 

49+1980 
49+2180 
4 9 + 2 3 8 0 
49+2580 

49+1980 
49+2180 
49+2380 
49+2580 

49+1980 
49+2180 
49+2380 
49+2580 

49+2780 
49+2880 

49+2780 
49+2880 

49+2780 
49+2880 

49+2780 

49+2980 

49+3280 

49+3480 

49+3180 

49+2780 
49+2880 

49+2780 
49+2880 

49+3080 

49+3280 

4 9+3 48 0 

49+3180 
49+3280 
49+3380 

49+3180 
49+3280 
49+3380 

49+3180 
49+3280 
49+3380 

49+3180 
49+3280 
49+3380 49+3380 49+3380 49+3380 
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Table 4.3 (continued) 
Fall 81 Spr 82 Fall 82 Spr 83 Fall 83 Spr 84 Fall 84 Spr 85 Fall 85 Spr 86 

49+3580 
49+3680 

49+3580 
49+3680 
49+3780 
49+3880 

49+4080 

49+4280 

49+4480 
49+4580 
49+4680 
49+4780 
49+4880 
49+4980 

49+3580 
49+3680 
49+3780 
49+3880 

49+4080 

49+4280 

49+4480 
49+4580 
4944680 
49+4780 
49+4880 
49+4980 

49+3580 
49+3680 
49+3780 
49+3880 

49+4080 

49+3580 49+3580 

49+3780 
49+3880 

49+4080 
49+4180 
49+4280 

49~3580 

49+3780 49+3780 49+3780 
49+3880 
49+3980 

49+4080 49+4080 
49+4180 

49+4280 49+4280 

49+3780 
49+3880 

49+4080 
49+4180 
49+4280 

49+3880 
49+3980 
49+4080 
49+4180 
49+4280 
49+4380 
49+4480 
49+4580 
49+4680 
49+4780 
49+4880 
49+4980 
49+5080 
49+5180 

49+3880 

49+4080 
49+4180 
49+4280 

49+3980 

49+4180 

49+4380 

49+4580 

49+4780 

49+4980 

49+5180 
50+0000 

49+4280 

49+4480 
49+4580 
49+4680 
49+4780 
49+4880 
49+4980 
49+5080 
49+5180 
50+ 0 

49+4680 49+4680 49+4680 

49+5080 49+5080 

50+ 0 49+5280 

49+5080 

49~5280 

49+5080 

49+5280 

49+5080 

4 9 + 5 2 8 0 

SUEREACH 7 

51+2280 
51+2480 
51+2680 
51+2880 
5 1+3080 
51+3280 
51+3480 
51+3680 
51+3880 . 
51+4080 
51+42ao 
51+4480 
51+4680 
51+4880 
51+5080 
51+5280 
52+ 200 
52+ 400 
52+ 600 
52+ 800 
52+1000 
52+1200 
52+1400 
52+1600 
52+1800 
5 2 + 2 0 0 0 
52~2200 
52+2400 
5 2 + 2 6 0 0 
52+2800 

51+2280 
51+2480 
51+2680 
51+2880 
51+3080 
51+3280 
51+3480 
51+3680 
51+3880 
51+4080 
51+4280 
51+4480 
51+4680 
51+4880 
51+5080 
52+ 0 
?+ 200 

52+ 400 
52+ 600 
52+ 800 
52+1000 
52+1200 
52+1400 
52+1600 
52+1800 
52+2000 
52+2200 
52+2400 
52+2600 
52+2800 

51+2280 
51+2480 
51+2680 
51+2880 
51+3080 
51+3280 
51+3480 
51+3680 
51+3880 
5 1 +4080 
51+4280 
51+4480 
51+4680 
51+4880 
51+5080 
52+ 0 
52+ 200 
52+ 400 
52+ 600 
52+ 800 
52+1000 
52+1200 
52+1400 
52+1600 
52+1800 
52+2000 
52+2200 
52+2400 
52+2600 
52+2800 

51+2280 
51+2480 
51+2680 
51+2880 
51+3080 
51+3280 
51+3480 
51+3680 
51+3880 
51+4080 
51+4280 
51+4480 
51+4680 
51+4880 
51+5080 
52+ 0 
52+ 200 
52+ 400 
52+ 600 
52+ 800 
52+1000 
52+1200 
52+1400 
52+1600 
52+1800 
52+2000 
52+2200 
52+2400 
52+2600 
52+2800 

51+2280 
51+2480 
51+2680 
51+2880 
51+3080 
51+3280 
51+3480 
51+3680 
51+3880 
51+4080 
51+4280 
51+4480 
5 1 +4 680 
51+4880 
51+5080 
52+ 0 
52+ 200 
52+ 400 
52+ 600 
52+ 800 
52+1000 
52+1200 
52+1400 
52+1600 
52+1800 
52+2000 
52+2200 
52+2400 
52+2600 52+2600 52+2600 
52+2800 52+2800 52+2800 

SUEREACH 8 

52+3000 52+3000 
52+3200 52+3200 

52+3400 
52+3500 
52+3600 
52+3700 
52+3800 
52+3900 

52+4000 52+4000 
52+4100 
52+4200 52+4200 
52+4300 
52+4400 52+4400 
52+4500 
52+4600 52+4600 

52+3000 
52+3200 
52+3400 
52+3500 
52+3600 
52+3700 
52+3800 

52+4000 

52+4200 

52+4400 

52+4600 

52+3000 
52+3200 
52+3400 
52+3500 
52+3600 
52+3700 
52+3800 

52+4000 

52+4200 

52+4400 

52+4600 

52+3000 
52+3200 
52+3400 

52+3600 

52+3800 

52+4000 

52+4200 

52+4400 

52+4600 

52+3000 
52+3200 
52+3400 52+3400 

52+3600 52+3600 

52+3800 52+3800 

52+3200 
52+3400 
52+3500 
52+3600 
52+3700 
52+3800 

52+4000 

52+4200 

52+4400 

52+4600 

52+4000 52+4000 

52+4200 52+4200 

52+4400 52+4400 

52+4600 52+4600 
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Table 4.3 (continued) 
Fall 81 Spr 82 Fall 82 Spr 83 Fall 83 Spr 84 Fall 84 Spr 85 Fall 85 Spr 86 

52~4700 
52+4800 

52+5000 

52+5200 
53+ 20 
53+ 120 
53+ 220 
53+ 320 
53+ 420 
53+ 520 
53+ 620 
53+ 720 
53+ 820 
53+ 920 
53+1020 
53+1120 
53+1220 
53+1320 
53+1420 
53+1520 
53+1620 
53+1720 
53+1820 
53+1920 
53+2020 
53+2120 
53+2220 
53+2320 
53+2420 
53+2520 
53+2620 
53+2720 
53+2820 
53+2920 

52+4700 

52+4900 

52+4700 

52+4900 

52+5100 

53+ 20 

53+ 220 
53+ 320 
53+ 420 

52+4700 
52+4800 
52+4900 
52+5000 
52+5100 
52+5200 
53+ 20 
53+ 120 
53+ 220 
53+ 320 
53+ 420 
53+ 520 
53+ 620 

53+ 820 

52+4800 

52+5000 
52+5100 
52+5200 
53+ 20 
53+ 120 
53+ 220 
53+ 320 
53+ 420 

5 2 + 4 8 0 0 

52+5000 

52+5200 

53+ 120 
53+ 220 

53+ 420 
53+ 520 
53+ 620 
53+ 720 
53+ 820 
53+ 920 
53+1020 

53+1220 

53+1420 

53+1620 
53+1720 
53+1820 

53+2020 

53+2220 

52+4800 

52+5000 

52+5200 

53+ 120 
53+ 220 
53+ 320 
53+ 420 
53+ 520 
53+ 620 
53+ 720 
53+ 820 

53+1020 

53+1220 

53+1420 

53+1620 
53+17 20 
53+1820 

53+2020 

53+2220 

53+2420 

53+2620 

53+2820 
53+2920 

52+4800 

52+5000 

52+5200 

53+ 120 

53+ 320 
53+ 420 
53+ 520 
53+ 620 

53+ 820 

53+1020 

52+5000 
52+5100 
52+5200 
53+ 20 
53+ 120 
53+ 220 
53+ 320 
53+ 420 
53+ 520 
53+ 620 

53+ 820 

53+1020 

53+1220 

53+1420 
53+1520 
53+1620 
53+1720 
53+1820 
53+19 2 0 
53+2020 

53+2220 

53+2420 

53+2620 

53+2820 

53+3020 

52+5000 
52+5100 
52+5200 

53+ 120 
53+ 220 

52+5100 

53+ 20 

53+ 220 
53+ 320 

53+ 520 
53+ 620 
53+ 720 
53+ 820 

53+ 620 

53+ 820 

53+ 620 

53+ 820 

53+ 620 

53+ 820 

53+1020 
53+1120 
53+1220 

53+1420 
53~1520 
53+1620 

53+1020 

53+1220 

53+1020 

53+1220 

53+1020 

53+1220 

53~1420 

53+1620 

53+1820 

53+2020 
53+2 120 
53+2220 

53+1020 

53+1220 

53+1420 

53+1620 

53+1820 

53+2020 

53+2220 

53+1220 

53+1420 

53+1620 
53+1720 
53+1820 

53+2020 

53+2220 

53+2420 

53+2620 

53+2820 
53+2920 

53+1420 

53+1620 

53+1820 

53+2020 

53t2220 

53+1420 

53+1620 

53+1820 

53+2020 

53+2220 
53+2320 

53+1820 

53+2020 

53+2220 

53+2420 

53+2620 
53+2720 
53+2820 
53+2920 

53+2420 

53+2620 

53+2420 

53+2620 

53~2420 
53+2520 
53+2620 53+2620 53+2620 

53+2720 
53+2820 
53+2920 

53+2820 
53+2920 

53+2820 
53+2920 

53+2820 
53+2920 

53+2820 
53+2920 

SUBREACH 9 

54+4480 54+4480 54+4480 54+4480 54+4480 54+4480 54+4480 54+4480 54+4480 

56+3780 56+3780 56+3780 56+3780 56+3780 56+3780 56+3780 56+3780 56+3780 
57+3380 57+3380 57+3380 57+3380 57+3380 57+3380 57+3380 57+3380 57+3380 

55+38ao 55+3880 55+3a80 55+3880 55+38ao 55+3880 55+3880 55+3880 55+3880 

SUBREACH 10 

58+4880 58+4880 58+4880 58+4880 58+4880 58+4880 58+4880 58+4880 58+4880 

SUBREACH 11 

59+ 0 
59+ 135 

59+ 335 
59+ 535 

59+ 735 
59+ 935 

59+1135 
59+1335 

59+1535 
59+1735 

59+1935 
59+2 13 5 

59+ 330 59+ 330 59+ 330 59+ 330 

59+ 730 59+ 730 59+ 730 59+ 730 

59+1130 59+1130 59+1130 59+1130 

59+1530 59+1530 59+1530 59+1530 

59+1930 59+1930 59+1930 59+1930 

32 



Table 4.3 (continued) 

Fall 81 Spr 82 Fall 82 Spr 83 Fall 83 Spr 84 Fall 84 Spr 85 Fall 85 Spr 86 

59+3 4 3 0 

61+3480 
61+3680 

61+3880 
61+4080 

61+4280 
61+4480 
61+4680 

59+3430 

61+3480 
61+3680 

61+3880 
61+4080 

61+4280 
61+4480 
61+4680 

59+3430 

61+3480 
61+3680 

61+3880 
61+4080 

61+4280 
61+4480 
6 1 +4680 

59+2330 

59+2730 

59+3130 

59+3430 59+3430 
59+3535 
59+3635 
59+3 73 5 
59+3835 
59+3935 
5 9 ~ 4 0 3 5  
59+4135 
59+4235 
59+4335 
59+4435 
59+4535 
59+4635 
59+4735 
5 9 ~ 4 8 3 5  
59+4935 
59+5035 
5 9 ~ 5 1 3 5  
59+5235 
60+ 55 
60+ 155 
60+ 2 5 5  
60+ 355 
60+ 455 
60+ 555 
60+ 655 
60+ 755 
60+ 855 
60+ 955 
60+1055 
60+1155 
60+1255 
60+ 13 55 
60+1455 
60+1555 
60+1655 

61+3480 61+3480 
61+3680 61+3680 

61+3880 
6 1 +4080 

61+4280 
61+4480 61+4480 
61+4680 61+4680 

59+2330 
59+2335 

59+2735 

59+3135 
59+3430 
59+3535 
59+3635 
59+3735 
59+3835 
59+3935 
59+4035 
59+4 13 5 
59+4235 
59+4335 
59+4435 
59+4535 
59+4635 
59+4735 
59+4835 
59+4935 
59+5035 
59+5 135 
59+5235 
60+ 55 
60+ 155 
60+ 255 
60+ 355 
60+ 455 
60+ 555 
60+ 655 
60+ 755 
60+ 855 
60+ 955 
60+1055 
60+1155 
60+1255 
60+1355 
60+1455 
60+1555 
60+1655 

61+3480 
61+3680 

61+3880 
61+4080 

61+4280 
61+4480 
6 1 +4680 

59+2330 

59+2730 

59+3 130 

59+3430 
59+3535 
59+3635 
59+3735 
59+3835 
59+3935 
59+4035 
59+4 135 
59+4235 
59+4335 
59+4435 
59+4 53 5 
59+4635 
59+4735 
59+4835 
59+4935 
59+5035 
59+5135 
59+5235 
60+ 55 
60+ 155 
60+ 255 
60+ 355 
60+ 455 
60+ 555 
60+ 655 
60+ 755 
60+ 855 
60+ 955 
60+1055 
60+1155 
60+1255 
60+ 13 55 
60+1455 
60+1555 
60+1655 
60+1755 
60+1855 
60+1955 
60+2355 
60+2755 
60+3 04 5 
60+ 3 4 4 5 
60+3845 

61+3480 
61+3680 

61+3880 
61+4080 

61+4280 
61+4480 
61+4680 

59+2330 

59+2730 

59+3130 

59+3430 
59+3535 
59+3635 
59+3735 
59+3835 
59+3935 
59+4035 
59+4135 
59+4235 
59+4335 
59+4435 
59+4535 
59+4635 
59+4735 
59+4835 
59+4935 
59+5035 
59+5 135 
59+5235 
60+ 55 
60+ 155 
60+ 255 
60+ 355 
60+ 455 
60+ 555 
60+ 655 
60+ 755 
60+ 855 
60+ 955 
60+1055 
60+1155 
60+1255 
60+13 55 
60+ 14 55 
60+1555 
60+1655 
60+1755 
60+1855 
60+19 55 
60+2355 
60+2755 
60+3045 
60+3 44 5 
60+3845 
61+ 1080 
61+1280 
61+1480 
61+1680 
61+1880 
61+2080 
61+2280 
61+2480 
61+2680 
61+2880 
61+3080 
61+3280 
61+3480 
61+3680 

61+3880 
61+4080 

61+4280 
61+4480 
61+4680 

59+3 13 5 
59+3430 

59+3635 
59+3735 
59+3835 
59+3935 
59+4035 
59+4 13 5 
59+4235 
59+4335 
59+4435 
59+4535 
59+4635 
59+4735 
59+4835 
59+4935 
59+5035 
59+5135 
59+5235 
60+ 55 
60+ 155 
60+ 255 
60+ 355 
60+ 455 
60+ 555 
60+ 655 
60+ 755 
60+ 855 
60+ 955 
60+ 10 55 
60+1155 
60+1255 
60+1355 
60+ 14 55 
60+1555 
60+1655 

61+1080 
61+1280 
61+1480 
61+1680 
61+1880 
61+2080 
61+2280 
61+2480 
61+2680 
61+2880 
6 1 +3 080 
61+3280 
61+3480 
61+3680 
61+3780 
61+3880 
61+4080 
61+4180 
61+4280 
61+4480 
61+4680 

59+3430 

59+3635 
59+3735 
59+3835 
59+3935 

59+4135 
59+4235 
59+4335 
59+4435 
59+4535 
59+4635 
59+4735 
59+4835 
59+4935 
59+5035 
59+5135 
59+5235 
60+ 5 5  
60+ 155 
60+ 255 
60+ 355 
60+ 455 
60+ 555 
60+ 655 
60+ 755 
60+ 855 
60+ 955 
60+ 10 55 
60+1155 
60+ 125 5 
60+1355 
60+1455 
60+1555 
60+1655 

61+1080 
61+1280 
61+1480 
61+1680 
61+1880 
61+2080 
61+2280 
61+2480 
61+2680 
61+2880 
61+3080 
61+3280 
61+3480 
61+3680 

61+3880 
61+4080 

61+4280 
61+4480 
6 I +4 680 
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Table 4.3 (continued) 

Fall 81 Spr 82 Fal l  82 Spr 83 Fall 83 Spr 84 Fall 84 Spr 85 Fall 85 Spr 86 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 
62+1800 
62+2000 
62+2200 
62+2400 
6 2 ~ 2 6 0 0  
62+2640 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 

62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 
62+1800 
62+2000 
62+2200 
62+2400 
62+2600 
62+2640 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 
62+1800 
62+2000 
62+2200 
62+2400 
62+2600 
62+2640 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+12P: 
62+14133 

62+2600 

61+4880 
6 1 + 5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 
62+1800 
62+2000 
62+2200 
62+2400 
62+2600 
62+2640 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 
62+1800 
62+2000 
62+2200 
62+2400 
62+2600 
62+2640 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 
62+1800 
62+2000 
62+2200 
62+2400 
62+2600 
62+2640 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 
62+1800 
62+2000 
62+2200 
62+2400 
62+2600 
62+2640 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 
62+1800 
62+2000 
62+2200 
62+2400 
62+2600 
62+2640 

61+4880 
61+5080 
62+ 0 
62+ 200 
62+ 400 
62+ 600 
62+ 800 
62+1000 
62+1200 
62+1400 
62+1600 

62+2000 
62+2200 
62+2400 
62+2600 
62+2640 
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SPRING 1986 

FALL 1985 

SPRING 1985 

FALL 1984 

SPRING 1984 

FALL 1983 

SPRING 1983 

FALL 1982 

SPRING 1982 

FALL 1981 

RUSSIAN RIVER CROSS SECTION LOCAPiONS 

A A  

+ 

0 0  

0 0  

A 

+ 

0 

0 

I I 1 I I 

23 25 27 
I 

A A - - 
+ + 

X X X X 

0 0 0 0 

0 0 0 0 

I I I 

29 31 

I m 
I 

i 
nlmxil 

I 

33 

RIVER MILE 

NOTE: EACH SYMBOL INDICATES THE LOCATION OF A FULL OR PARTIAL CROSS-SECTION SURVEYED AT THE TIME INDICATED 
THE SOLID BAR APPEARANCE I N  SOME AREAS I S  CAUSED BY SYMBOL OVERLAP, AND INDICATES REACHES OF RELATIVELY 
DENSE SURVEY COVERAGE 

Figure 4.1 Survey Coverage wlthin the Middle Reach Durlng the Study Period 
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RUSSIAN RIVER CROSS SECTION LOCATIONS 

SPRING 1986 

SPRING 1985 

FALL 1983 - - 
SPRING 1983 - A 

FALL 1982 - m - 
SPRING 1982 - 9- - 

FALL 1981 - Ip - I I 

ALEXANDER V A U M  REACH 

I 

5UhLE4Crf 
9 

x x x  

A A A  

0 0 0  

+ + +  

n u n  

x x x  

A A A  

0 0 0  

+ + +  

4 4  46 40 50 52 54 56 58 60 62 

R M R  MILE 

64 

NOTE: EACH SYMBOL INDICATES THE LOCATION O f  A FULL OR PARTIAL CROSS-SECTION SURVEYED AT THE T I M E  INDICATED 
THE SOLID BAR APPEARANCE IN SOME AREAS IS CAUSED BY SYMBOL OVERLAP, AND INDICATES REACHES OF RELATIVELY 
DENSE SURVEY COVERAGE 

figure 4.2 Survey Coverage within the Alexander Valley Reach durfng the Study 
P e r i o d  
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dec l ined from sp r ing  t o  f a l l  of each year,  due t o  min ing and/or changes i n  
f l o w  discharges a t  t he  t ime the  a e r i a l  surveys were made (see Table 4 . 4 ) .  
Per t i nen t  low p o i n t  p r o f i l e  p l o t s  ( f a l l  surveys, sp r ing  surveys, and a 
comparison o f  e a r l i e s t  and l a t e s t  surveys) f o r  each subreach are inc luded 
i n  Appendix C .  Changes noted i n  the  low p o i n t  p r o f i l e s  f o r  each subreach 
over t h e  study p e r i o d  are  discussed i n  Sect ion 4.3.3. 

Appendix D conta ins  i l l u s t r a t i o n s  o f  the  surveyed p o r t i o n s  o f  t y p i c a l  
c ross-sec t ions  w i t h i n  each subreach. These f i g u r e s  demonstrate the  
v a r i a t i o n s  t h a t  occurred i n  c ross -sec t i ona l  geometry o f  se lec ted  s i t e s  
throughout the  study per iod .  Ana lys is  o f  these f i g u r e s  i n d i c a t e s  t h a t  a 
lower ing  o f  t he  low p o i n t  e l e v a t i o n  does no t  necessa r i l y  imply  t h a t  t he  
sec t i on  i s  degrading (see F igures D . l  and D.16), nor  does a r i s e  i n  the  l o w  
p o i n t  e l e v a t i o n  necessa r i l y  imply  general aggradat ion (see F igures 0.5 and 
D. 15) .  Fu r the r  d iscuss ions  o f  these c ross-sec t iona l  changes are  presented 
i n  Sect ion 4 . 3 . 3  o f  t h i s  r e p o r t .  

.4.3.2 Database Management System 
The c ross -sec t i on  da ta  were processed us ing  a spec ia l  computer program 

developed by SLA. The procedure computes the  area o f  each c ross -sec t i on  

above an a r b i t r a r y  datum. When t h i s  va lue i s  compared t o  the  va lue f o r  the  

same c ross -sec t i on  l o c a t i o n  o f  a d i f f e r e n t  season, the  change i n  c ross-  
sec t i ona l  area can be computed f o r  t h a t  p o i n t .  The average change i n  a r e a  

m u l t i p l i e d  by t h e  d is tance between c ross-sec t ions  i s  t h e  change i n  volume 
f r o m  t h e  f i r s t  season t o  the  second. I f  t h e  change i n  volume i s  negat ive  
then degradat ion occurred a t  t h a t  p o i n t .  I f  the  change i s  p o s i t i v e ,  then 
aggradat ion occurred. 

One p o s s i b i l i t y  t h a t  i s  accounted f o r  by t h e  SLA program i s  i f  the  two 
c ross -sec t i ons  be ing  compared have d i f f e r e n t  s t a r t i n g  and ending p o i n t s .  
I f  t h e  area under t h e  e n t i r e  c ross -sec t i on  i s  compared, then an erroneous 
volume computat ion r e s u l t s .  To avo id  t h i s ,  t h e  program determines which 
p a r t  o f  t h e  c ross -sec t i ons  are  common and then compares j u s t  t h a t  p a r t .  F o r  
c e r t a i n  cases t h e  amount o f  over lap  was l e s s  than 50%. I n  genera l ,  however, 
t h e  ove r lap  was g r e a t e r  than 80%. 

There are  severa l  p o s s i b l e  e f f e c t s  caused by hav ing l e s s  than t o t a l  
over lap  o f  s e c t i o n  data.  F i r s t ,  when comparing sec t ions  be fore  and a f t e r  
a min ing  season, incomplete over lap  may show a s m a l l e r  volume o f  mined 
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Flight Date 

10/20/81 

5/03/82 

11/04/82 

5/03/83 

11/05/83 

5/05/84 

11/03/84 

4/18/85 

11/05/85 

5/08/86 

Averaqe D a i l y  Flow, c f s  

USGS No. 11463000 
near Cl overdal e 

USGS No. 11467000 
near Guernevi 1 1  e 

159 

854 

519 

2 )  280 

158 

1 ) 790 

433 

6,100 

166 255 

285 

367 

2 78 

179 

28 1 

679 

285 

625 

214 

639 
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m a t e r i a l  than was a c t u a l l y  taken. T h i s  c o u l d  occur ,  f o r  example, i n  p laces  
which are  b e i n g  mined f o r  t h e  f i r s t  t i m e  and were n o t  p r e v i o u s l y  surveyed 
over  t h e  e n t i r e  channel w id th .  Second, when comparing s e c t i o n s  b e f o r e  and 
a f t e r  a f l o o d i n g  season, incomplete o v e r l a p  may show l e s s  d e p o s i t i o n / s c o u r  
than a c t u a l l y  occur red  across t h e  e n t i r e  w i d t h .  F i n a l l y ,  l a t e r a l  bank 
e r o s i o n  may n o t  be shown due t o  incomple te  o v e r l a p .  As a r e s u l t ,  
c o n t r i b u t i o n s  o f  m a t e r i a l  f rom t h e  bank a r e  n o t  d i s t i n g u i s h e d  f r o m  

c o n t r i b u t i o n s  f rom t h e  stream. Unless t h e  c r o s s - s e c t i o n s  each cover  t h e  
eroded area, bank e r o s i o n  w i l l  appear as i f  i t  was m a t e r i a l  c o n t r i b u t e d  by 

t h e  watershed. 
The o v e r a l l  r e s u l t s  may n o t  show any s u b s t a n t i a l  changes i f  a d d i t i o n a l  

d a t a  were made a v a i l a b l e ,  due t o  t h e  f a c t  t h a t  o v e r l a p  was u s u a l l y  a t  l e a s t  
80%. Mined areas were covered t o  a v e r y  h i g h  degree by t h e  c r o s s - s e c t i o n  
surveys.  

4.3.3 R e s u l t s  o f  M o n i t o r i n g  Program Data A n a l y s i s  
As d e s c r i b e d  above, area va lues  were computed a t  each c r o s s - s e c t i o n  

l o c a t i o n  f o r  each season. Comparison o f  these va lues  f rom one season t o  
another  shows t h e  n e t  change i n  c r o s s - s e c t i o n a l  area. By averaging t h i s  n e t  
change w i t h  t h a t  o f  an ad jacent  c r o s s - s e c t i o n  and m u l t i p l y i n g  by t h e  
d i s t a n c e  between t h e  two, t h e  n e t  change o f  volume i s  d e r i v e d .  Using t h i s  
procedure,  t h e  aggradat ion/  degradat ion  volumes i n  Tab le  4 . 5  were computed. 
T h i s  t a b l e  shows t h e  n e t  volume change i n  c u b i c  y a r d s  f o r  t h e  n i n e  a l t e r n a t e  
m i n i n g  and f l o o d i n g  seasons. 

Appendix E shows computed volume changes f o r  a l l  c r o s s - s e c t i o n  da ta .  
Note t h a t  changes f rom s p r i n g  t o  f a l l  o f  a g i v e n  y e a r  show t h e  n e t  amount 
o f  m i n i n g  f o r  t h a t  year ;  l i k e w i s e ,  changes f r o m  f a l l  t o  t h e  subsequent 
s p r i n g  show t h e  e f f e c t s  o f  t h a t  w i n t e r ’ s  storms. The f i g u r e s  presented i n  
Appendix F were c o n s t r u c t e d  based on t h i s  process.  R e f e r r i n g  t o  F i g u r e  F.l 
as an example, t h e  c r o s s - s e c t i o n  area change was computed f o r  each l o c a t i o n  
common t o  both s p r i n g  1982 and f a l l  1982. A p o i n t  i s  p l o t t e d  a t  each o f  

these l o c a t i o n s .  M o s t ,  i f  n o t  a l l ,  o f  these va lues  a r e  n e g a t i v e ,  r e s u l t i n g  
f rom summer m i n i n g  a c t i v i t i e s .  Next, c r o s s - s e c t i o n  area change was computed 
f o r  each l o c a t i o n  common t o  f a l l  1982 and s p r i n g  1983. These va lues  a r e  
p o s i t i v e  f o r  l o c a t i o n s  o f  d e p o s i t i o n  and n e g a t i v e  f o r  l o c a t i o n s  o f  scour 
during w i n t e r  f l o o d i n g .  There fore ,  t h r e e  d a t a  s e t s  a r e  i n c o r p o r a t e d  i n t o  
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Table 4.5 
Summary o f  Survey Data f o r  each Season and Total Period 

Net Volume Change i n  cubic yards 

Season F81-SB2 S82-F82 F82-S83 S83-F83 F83-S84 S84-F84 F84-S85 S85-F85 F85-S86 

Subreach 

1 
2 
3 20,530 (68,062) 61,703 (67,405) 48,186 4,019 13,422 

Middle Reach Total 20,530 (68,062) 61,703 (67,405) 48,186 4,019 13,422 

4 80,755 (40,926) 21,178 (36,245) 13,866 (37,277) 16,915 (26,217) 56,300 
5 27,238 (69,171) 153,303 (118,366) 59,376 (238,020) 73,160 (282,078) 361,027 
6 (26,225) (70,673) 54,224 (89,209) 56,897 (198,895) 69,956 (162,370) 267,382 
7 (33,239) (14,078) 122,987 (8,851) 2,707 (4,185) 
8 (60,074) (124,207) 184,170 (40,657) 53,572 (50,387) 44,879 (76,402) 99,164 
9 

10 
11 (5,863) (24,728) 49,489 (50,784) (71,224) (62,633) 33,136 (116,815) 139,069 

Alexander Val ley  Reach Total (17,408)(343,783) 585,351 (344,112) 115,194 (591,397) 238,046 (663,882) 922,942 

Combined Total  3,122 (411,845) 647,054 (411,517) 163,380 (587,378) 251,468 (663,882) 922,942 

NOTE: PARENTHESES INDICATE NEGATIVE CHANGE 
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one plot: spring 1982, fall 1982 and spring 1983. If summer mining and 
winter deposition are similar in both location and magnitude o f  material, 
then the plot will look like a reflection ("mirror image") about the zero 
axis. This means winter flows restored material in the same amount and at 
the same location it was taken out. The degree of  similarity about the zero 
axis represents the degree of equilibrium o f  mining and flood deposition 
from spring 1982 to spring 1983 (one complete annual cycle). For complete 
cycles are included in the study period, with graphical representation shown 
in Figures F.l through F.28. 

Cumulative effects over the study period are illustrated through use 
of similar figures, also included in Appendix F (Figures F.29 through F.37). 
In these figures, the area changes at common locations between the earliest 
and latest surveys for each subreach are compared. 

The following paragraphs discuss the changes within each subreach 
formulated through evaluation of the available monitoring data. 

Subreach 1 (RM 23.00 to 28.19) 
There was little or no instream mining in subreach 1 during the study 

period, therefore few cross-sections were available. Bank erosion in this 
reach was negl igible. 

The average decrease in channel low point elevation varied between 1 
to 4 ft between fall 1981 and fall 1985 in subreach 1 (see Fig. C.1). The 
period of available data does not include the occurrence of the large 1986 
flood, which may have added a large amount of material to the streambed. 
Even though the channel bottom elevations decreased in this subreach, the 
full-width cross-sections generally showed aggradation on the gravel bars 
during the period (see Figs. D.l and 0.2). Comparison of cross-sectional 
areas of the fall 1981 and fall 1985 surveys indicates aggradation occurred 
within four of the six locations during this period (see Fig. F.29). In the 
remaining two locations, degradation occurred but was minor. 

Subreach 2 (28.19 to 31.35) 
Mining was minimal within subreach 2 during the study period. Only 

four cross-sections are available for evaluation of the study period 
changes, with more detailed data available for the upstream portion of the 
reach from spring 1985 on. 

41 



The f a l l  1985 low p o i n t  p r o f i l e  i s  0.5 t o  3.0 ft lower  than t h a t  o f  

f a l l  1981 (see F ig .  C.2). The f a l l  1985 low p o i n t  p r o f i l e  i s  approximately 
equal t o  the  1972 thalweg p r o f i l e  between RM 28 and 29, bu t  i s  up t o  3 f t  

lower i n  t h e  upstream p o r t i o n s  o f  t he  subreach. The 1986 f l o o d  r a i s e d  the  
low p o i n t  p r o f i l e  t o  above the  1972 thalweg i n  the  upstream p o r t i o n  (see F i g  
C.3). 

O f  t h e  f o u r  c ross-sec t ions  a v a i l a b l e  f o r  comparison, two showed n e t  
aggradat ion,  and two showed n e t  degradat ion between f a l l  1981 and f a l l  1985 
(see F ig .  F . 2 9 ) .  Figures D.3 and 0.4 show t h e  c ross -sec t i ona l  v a r i a t i o n  
t h a t  occurred w i t h i n  t h i s  subreach du r ing  the  study pe r iod .  

Subreach 3 (31.35 t o  33.00) 
No c ross -sec t i ona l  da ta  was a v a i l a b l e  i n  t h i s  subreach du r ing  t h e  f a l l  

1985 and sp r ing  1986 seasons. Data f o r  a l l  per iods  was unava i l ab le  between 
RM 31.35 and Rm 32.60. 

Dur ing  t h e  summer o f  1982 and 1983, the re  was f a i r l y  s i g n i f i c a n t  
min ing  a c t i v i t y  f rom RM 32.65 t o  33.00. A t o t a l  o f  130,000 cub ic  yards was 
removed over  t h e  two summers. I n  each ins tance t h e  mined volumes were  

rep1 aced by approx imate ly  equal amounts o f  sediment d u r i n g  the  subsequent 
w i n t e r  r u n o f f .  No min ing was ev ident  i n  the  1984 o r  1985 min ing seasons; 
hence, t h e  lowest  low f l o w  p r o f i l e  throughout most o f  t h e  reach occurred i n  
f a l l  o f  1983 (see F igures C.4 and C.5). F igure  C.6 i n d i c a t e s  t h a t  t h e  low 

p o i n t  p r o f i l e  o f  s p r i n g  1985 i s  up t o  1 ft lower  than t h e  f a l l  1981 l o w  
p o i n t  p r o f i l e  between RM 32.8 and 33. Between RM 32.6 and 32.8, t h e  sp r ing  
1985 low p o i n t  p r o f i l e  i s  up t o  2 ft h igher  than the  f a l l  1981 low p o i n t  
p r o f i  1 e. 

As i n d i c a t e d  i n  F igure  F.30, bo th  aggradat ion and degradat ion  occurred 
a long subreach 3 d u r i n g  t h e  p e r i o d  o f  f a l l  1981 t o  sp r ing  o f  1985. F igures  
D.5 and 0.6 show t h e  v a r i a b l e  changes t h a t  occurred along t h e  g rave l  bars 

w i t h i n  t h i s  subreach. 

Channel banks were s t a b l e  throughout t h e  s tudy p e r i o d  i n  t h e  e n t i r e  
Midd le  Reach (subreaches 1-3) .  
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Subreach 4 ( 4 4 . 0 0  t o  46.00)  
Min ing  i n  subreach 4 was genera l l y  r e s t r i c t e d  t o  RM 44 .35  t o  4 4 . 8 0 ,  

w i t h  annual volumes ranging f r o m  40,000 cubic  yards i n  1982 down t o  26,000 
cubic  yards i n  1985. Dur ing the  1983, 1984, and 1985 f l o o d i n g  seasons, 

mined amounts were n o t  f u l l y  rep laced by new depos i ts .  I n  add i t i on ,  as much 
as n ine  acres o f  undeveloped area was l o s t  due t o  bank eros ion  along the  
ou ts ide  o f  a major channel bend immediately downstream, a t  RM 4 3 . 9 - 4 4 . 3 ,  i n  
1983. Approximately one acre was l o s t  adjacent t o  the  min ing s i t e  i n  1986. 
There was s u b s t a n t i a l  depos i t i on  i n  the  sp r ing  o f  1986, which brought t o t a l  
depos i t i on  d u r i n g  the  study pe r iod  up t o  about 90 percent  o f  the  t o t a l  
ex t rac ted .  F igure  F.31 i d e n t i f i e s  the  cumulat ive changes t h a t  occurred 
along subreach 4 - -  ne t  degradat ion between f a l l  1981 and 1985, and 
a l t e r n a t i n g  degradat ion and aggradat ion between f a l l  1981 and sp r ing  1986. 
Figures  0 . 7  and D.8 i n d i c a t e  t h e  t y p i c a l  changes t o  t h e  grave l  bars which 
occurred du r ing  the  s tudy per iod .  No s i g n i f i c a n t  meander l oop  t r a n s l a t i o n  
was ev ident  i n  t h i s  subreach. 

.The f a l l  1985 low p o i n t  p r o f i l e  i s  between 1 and 3 ft lower  than t h e  
f a l l  1981 low p o i n t  p r o f i l e .  The low p o i n t  p r o f i l e  o f  f a l l  1985 was h igher  
than t h e  f a l l  1983 and f a l l  1984 low p o i n t  p r o f i l e s  near t h e  downstream end 
o f  t h e  subreach, bu t  was the  lowest  low p o i n t  p r o f i l e  near the  upstream end 
(see F i g .  C . 7 ) .  The lowest  sp r ing  low p o i n t  p r o f i l e s  occurred i n  sp r ing  o f  

1985 (see F i g  C . 8 ) .  From sp r ing  1982 t o  sp r ing  1986, t he  low p o i n t  
e l e v a t i o n s  increased by about one foo t  f rom m i l e  4 4 . 5  t o  4 4 . 7 .  The low 
p o i n t  e l e v a t i o n s  dropped by about one f o o t  f r o m  m i l e  4 4 . 8  t o  5 0 . 0 .  A l l  the  

low p o i n t  p r o f i l e s  a re  h ighe r  than t h e  1978 thalweg p r o f i l e  through subreach 
4 .  The s p r i n g  1986 low p o i n t  p r o f i l e  i s  approximately equal t o  t h e  f a l l  
1981 p r o f i l e  i n  t h e  upstream p o r t i o n  o f  subreach 4 ,  and a l t e r n a t e s  
( g e n e r a l l y  h ighe r )  above and below the  f a l l  1981 low p o i n t  p r o f i l e  i n  t h e  
downstream p o r t i o n  (see F ig .  C . 9 ) .  

Subreach 5 (46 .00  t o  48.00)  
The l o c a t i o n s  and r e l a t i v e  amounts o f  mining v a r i e d  w ide ly  i n  subreach 

5 over  t h e  course o f  t h e  s tudy per iod .  Min ing  was very  l i m i t e d  i n  1982, 
w i t h  69,000 cub ic  yards taken from the  channel between RM 46 .00  and 4 6 . 7 5 .  
Subsequent f l o o d i n g  i n  1983 deposi ted m a t e r i a l  equal t o  about tw ice  t h e  
amount mined, . , i th  these depos i ts  spread f r o m  RM 46.25  t o  4 7 . 6 0 .  
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Approximately four  acres o f  bank eros ion occurred along the  mined reach, 

w i t h  another four acres l o s t  upstream a t  RM 47.3, in 1983. 
Min ing  i n  the  summer o f  1983 was much more in tense,  w i t h  near ly  

120,000 cub ic  yards taken from RM 46.20 t o  46.80 ( s l i g h t l y  f a r t h e r  upstream 

than t h e  prev ious  year ) .  F looding i n  1984 rep len ished o n l y  about h a l f  o f  
mined amounts, w i t h  some scour around RM 4 7 . 2 5  bu t  no l a t e r a l  bank eros ion.  

S i g n i f i c a n t  e x t r a c t i o n  cont inued i n  1984 a t  the  same l o c a t i o n s  as the  
prev ious two years, w i t h  an a d d i t i o n a l  100,000 cub ic  yards being taken f r o m  
RM 46.75 t o  47.10. Al together ,  238,000 cub ic  yards o f  ma te r ia l  were 
removed. Only 30% replenishment was accomplished a t  t h e  o l d  s i t e s ,  w h i l e  
1985 f l o o d i n g  rep laced v i r t u a l l y  none of t he  ex t rac ted  amounts from the  new 
s i t e .  No new bank eros ion  was incu r red  i n  1984 o r  1985. 

Mining i n  1985 was sharp ly  c u r t a i l e d  a t  t h e  p r e v i o u s l y  used s i t e s ,  b u t  
was very i n tense  f a r t h e r  upstream, f r o m  RM 46.80 t o  47.35. Large depos i ts  
due t o  heavy 1986 f l o o d i n g  rep laced much o f  t h e  d e f i c i t  o f  m a t e r i a l  f r o m  

1982-1984 mining, w h i l e  a l so  rep lac ing  the  l a r g e  amount (over  280,000 cub ic  
yards)  taken i n  1985. Near ly  s i x  acres o f  l a t e r a l  e ros ion  r e s u l t e d  f rom t h e  
1986 f lows a t  RM 46.6 t o  46.8, immediately downstream o f  t h e  new min ing.  
Nine acres were l o s t  from the  west bank upstream o f  t he  min ing s i t e  a t  RM 
4 7 . 4  t o  48.0 i n  t h e  1986 f l ood .  This  may be t h e  r e s u l t  o f  two consecut ive 
years o f  heavy min ing  i n  RM 46.8 t o  4 7 . 3 5  (more than 300,000 cub ic  yards)  
w i thou t  replenishment f rom a l a r g e  f lood ;  a lso,  t h i s  was t h e  f i r s t  t ime  t h i s  
area was mined d u r i n g  t h e  study pe r iod .  

Eros ion o f  t h e  banks which occurred a long subreach 5 d u r i n g  t h e  s tudy 
p e r i o d  was ma in l y  a long the  ou ts ide  bends o f  t h e  meandering main channel. 
No major down-val ley t r a n s l a t i o n  o f  t h e  meandering bends was ev ident ,  b u t  

a s i n g l e  meander c u t o f f  developed j u s t  upstream o f  RM 46. 
The average low p o i n t  e l e v a t i o n  f rom RM 46.2 t o  46.8 dropped by almost 

2 f e e t  f rom s p r i n g  1982 t o  sp r ing  1986 (see F i g  C . l l ) .  From RM 47.0 t o  4 7 . 4  
t h e  drop was o n l y  one f o o t .  The f a l l  1985 low p o i n t  p r o f i l e  i s  1 t o  2 f t  

lower  than t h e  f a l l  1981 low p o i n t  p r o f i l e  (see F ig  C.10). A l l  low p o i n t  
p r o f i l e s  a re  h ighe r  than t h e  1978 thalweg. The s p r i n g  1986 low p o i n t  
p r o f i l e  i s ,  i n  genera l ,  0 t o  1.5 ft lower  than the  f a l l  1981 low p o i n t  
p r o f i l e  through t h i s  subreach (see F ig .  C.12). 

Cumulative changes occu r r i ng  a long subreach 5 over  t h e  study p e r i o d  
are  i l l u s t r a t e d  in Figure  F.32 .  Net degradat ion i s  i n d i c a t e d  between t h e  
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fall 1981 and fall 1985 surveys, and the aggradation occurring during the 
1986 flood was not able to balance the deficit, especially in the vicinity 
of RM 47. Of the 708,000 cubic yards mined, 647,000 cubic yards were 
replaced by deposition (91% replenishment). Gravel bar reduction and growth 
within this subreach are illustrated in Figures D.9 and D . l O ,  respectively. 

Subreach 6 (48.00 to 50.20) 
Mining intensity and location varied somewhat in this subreach, 

generally increasing in amount and progressing upstream from beginning to 
end of the study period. In this subreach, replenishment and extraction 
were not as closely correlated as in other subreaches o f  the Russian River; 
although total deposition amounted to 86% of extraction, the locations of 
deposition varied widely from mining locations, and some scour occurred 
during the 1983 flood. Bank erosion occurred only in the spring 1986 flood, 
when over 23 acres were eroded. 

Extraction was about 71,000 cubic yards in 1982, with locations in the 
range of RM 49.15 to 49.80. Subsequent flows both deposited sediment in and 
scoured the channel in 1983, with the net effect of depositing about 80% of 
extracted amounts. 

1983 extraction of 89,000 cubic yards occurred in two locations, RM 
49.00 to 49.30 and RM 49.60 to 49.80. Deposition in 1984 covered both 
areas, as well as between the two sites. Scouring occurred upstream, at RM 
49.80 to 54.00. 

Mining in 1984 was moderately heavy from RM 49.00 to 50.00, with 
subsequent 1985 replenishment o f  only 35% o f  the 199,000 cubic yards mined. 
Extraction was heavy once again in 1985 from RM 49.30 to 50.00. The large 
flow in 1986 replaced much o f  the volume extracted throughout the study 
period in this subreach, but a 73,000 cubic yard deficit remained and bank 
erosion was severe. Nearly six acres was eroded near RM 48.4, three acres 
at RM 49.4, and 4-1/2 acres at RM 49.6. Each of these locations was along 
the mined portion. In addition, ten acres were lost at RM 50.00, just 
upstream from recent heavy 1985 mining. 

The bank erosion which occurred along this subreach was located along 
the outside bends of the meandering main channel. Between RM 49 and RM 50, 
the meander loops trans1 ated approximately 1400 ft downstream over the study 
per i od . 
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From sp r ing  1982 t o  sp r ing  1986 the  low p o i n t  p r o f i l e  between RM 49.0 
and 50.00 dropped from 0 t o  5 ft (see F ig .  C.14). The f a l l  1985 low p o i n t  
p r o f i l e  i s  from 0 t o  2 f t  lower than the  f a l l  1981 p r o f i l e  through the  same 
reach (see F ig .  C.13). Both t h e  f a l l  1985 and sp r ing  1986 lowpo in t  p r o f i l e s  
are lower  than t h e  1978 thalweg p r o f i l e  upstream of RM 49. I n  general ,  the  
sp r ing  1986 low p o i n t  p r o f i l e  i s  0 t o  3 f t  lower  than the  f a l l  1981 low 
p o i n t  p r o f i l e  (see F ig .  C.15). 

F igure  F.33 shows t h a t  t he  cumulat ive e f f e c t s  o f  min ing between f a l l  
o f  1981 and f a l l  o f  1985 were degradat ion.  Between f a l l  o f  1981 and sp r ing  
o f  1986 bo th  n e t  aggradat ion and n e t  degradat ion occurred a t  var ious  
l o c a t i o n s .  F igures 0.11 and 0.12 i l l u s t r a t e  n e t  degradat ional  and n e t  
aggradat ional ,  respec t i ve l y ,  c ross-sec t ions  w i t h i n  t h i s  subreach. 

Subreach 7 and 8 (50.20 t o  54.00) 
The h e a v i e s t m i n i n g  i n  these subreaches occurred i n  1982, when 138,000 

cub ic  yards o f  ma te r ia l  were removed. For t h e  t o t a l  per iod ,  319,000 cub ic  
yards were mined, b u t  replenishment was over 500,000 cub ic  yards.  There was 
a l so  bank eros ion  i n  each year  except 1985. Over e leven acres were l o s t  on 
t h e  ou ts ide  o f  a meander bend between RM 53.2 and 53.6, a long a mined area. 
(The channel meanders s h i f t e d  some 1200 ft downstream i n  t h i s  v i c i n i t y . )  
Three acres were l o s t  i n  t h e  v i c i n i t y  o f  a meander s h i f t  a t  RM 51.1, 
downstream o f  mining, i n  1986. 

Most o f  t h e  da ta  f o r  subreach 7 corresponds t o  t h e  f a l l  1981 through 

f a l l  1983 surveys. The low p o i n t  p r o f i l e s  f o r  these years ( f i g s .  C.16 and 
C.17) e x h i b i t  no d iscernab le  t rend,  a l though they  a re  a l l  h ighe r  than the  
1978 thalweg p r o f i l e .  The changes i n  c ross -sec t i ona l  area were minimal 
between f a l l  1983 and f a l l  1981, w i t h  t h e  except ion  o f  s i g n i f i c a n t  
aggradat ion which occurred near RM 51.5 (see F ig .  F.34). F igures  D.13 and 
0.14 show t y p i c a l  c ross-sec t ions  a long subreach 7. 

Within subreach 8, t h e  f a l l  1985 low p o i n t  p r o f i l e  i s  g e n e r a l l y  1 t o  
2 f t lower  than t h a t  of f a l l  1981 (see F ig .  C.18). The f a l l  1983 low p o i n t  
p r o f i l e  i s  t h e  lowest  i n  many places. Between RM 52.9 and 53.5, t h e  low 
p o i n t  p r o f i l e  dropped by 0 t o  2 f t  between s p r i n g  1982 and s p r i n g  1986 (see 
F ig .  C.19). The sp r ing  1986 low p o i n t  p r o f i l e  i s  between 0 and 4 ft lower  
than t h e  f a l l  1981 low p o i n t  p r o f i l e ;  however, general  aggradat ion i s  noted 
i n  t h i s  subreach through t h e  same p e r i o d  (see F igs.  C.20 and F.35). A l l  low 
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p o i n t  p r o f i l e s  a r e  h igher  than the  1978 thalweg p r o f i l e  through t h i s  reach. 
F igures D.15 and D.16 i l l u s t r a t e  the  major s h i f t i n g  t h a t  occurred w i t h i n  
t h i s  subreach over the  study per iod .  

Subreach 9 and 10 (54.00 t o  58.95) 
Very few c ross-sec t ions  were taken i n  these subreaches, i n  which 

l i t t l e  o r  no min ing  t o o k  p lace.  Depos i t ion  o r  scour volumes cou ld  no t  be 
computed, b u t  l a r g e  amounts of bank eros ion  were ev ident  on a e r i a l  
photographs. Over 50 acres were l o s t ,  i n c l u d i n g  21 acres i n  1982, 18 acres 
i n  1983, 6 acres i n  1984, and 7-1/2 acres i n  1986. A l l  bank eros ion  
occurred along the  ou ts ide  bend o f  t he  meandering main f l o w  channel. The 
meanders i n  subreach 9 were observed t o  have s h i f t e d  some 1000 t o  1400 f t  
downstream over  t h e  s tudy per iod .  

There was some v a r i a t i o n  i n  low p o i n t  e l e v a t i o n  f o r  t h e  a v a i l a b l e  
c ross-sec t ions  i n  these reaches, al though no major t rend  was noted (see F igs  
C.21 and C.22). The lowest  f a l l  survey low p o i n t  e leva t i ons  occurred i n  the  
f a l l  of 1983, and the  lowest  sp r ing  low p o i n t  e leva t i ons  occurred i n  t h e  
sp r ing  o f  1982. The low p o i n t  e leva t i ons  are h igher  than t h e  1978 thalweg 
i n  subreach 10 and upper subreach 9, bu t  approach the  1978 thalweg e l e v a t i o n  
a t  t he  downstream end o f  subreach 9. 

Within subreach 10 and the  upstream end o f  subreach 9, n e t  aggradat ion 
was noted over t h e  p e r i o d  o f  a v a i l a b l e  record.  (see F igs .  F.36 and F . 3 7 ) .  
The t h r e e  lower  c ross -sec t i ons  o f  subreach 9 e x h i b i t e d  n e t  degradat ion 
between s p r i n g  1982 and sp r ing  1986 (F ig .  F.36). Typ ica l  sec t ions  w i t h i n  
subreach 9 are  i l l u s t r a t e d  i n  F igures  D.17 and 0.18, and t h e  s i n g l e  c ross-  
s e c t i o n  a v a i l a b l e  f o r  subreach 10 i s  shown i n  F igure  D.19. 

Subreach 11 (58.95 t o  62.40) 
Min ing  i n  subreach 11 g r a d u a l l y  increased through t h e  s tudy p e r i o d  

f rom 24,000 cub ic  yards i n  1982 t o  117,000 i n  1985. Locat ions o f  min ing 
through t h e  e n t i r e  p e r i o d  were between RM 61.50 t o  62.50, w i t h  a d d i t i o n a l  
a c t i v i t y  between RM 59.8 and 60.3 i n  1984 and 1985. Th is  subreach was 
b a s i c a l l y  s tab le ,  a l though o n l y  60% o f  t h e  254,000 cub ic  yards mined was 
rep laced.  Two l o c a t i o n s  exper ienced bank losses  i n  1986: 4-1/2 acres were 
l o s t  a long a 2000- f t  down-val ley s h i f t  o f  a meander bend near RM 59.0, and 
4-1/2 acres were l o s t  a long t h e  ou ts ide  bend o f  t h e  channel near RM 62.7. 
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The eros ion  near RM 62.7 occurred upstream of  a s i t e  which was mined f r o m  
1983 t o  1985 w i t h  very l i t t l e  replenishment. 

Low p o i n t  p r o f i l e s  f o r  subreach 11 i n d i c a t e  general  lower ing  o f  the  
channel throughout the  study p e r i o d  (F igs.  C.23 through C.25 ) .  The spr ing  
1986 low p o i n t  p r o f i l e  i s  0 t o  4 ft lower than the  f a l l  1981 l o w  p o i n t  
p r o f i l e  between RM 61.5 and 62.5 (F ig .  C.25). A l l  low p o i n t  p r o f i l e s  are 
h ighe r  than t h e  1978 thalweg through t h i s  subreach. 

The cumulat ive c ross -sec t i ona l  changes are  i n d i c a t e d  i n  F igure  F.37. 
Net degradat ion i s  noted f o r  both t h e  f a l l  1981 t o  f a l l  1985 and f a l l  1981 
t o  s p r i n g  1986 per iods  throughout t h e  subreach. F igures 0.20 and D.21 
i l l u s t r a t e  t h e  t y p i c a l  c ross -sec t i ona l  changes t h a t  occurred over the  study 
per iod .  

4.4 Sediment C o n t i n u i t v  Ana lys is  
Based upon measured sediment da ta  and t h e  p r i n c i p l e s  o f  sediment 

t r a n s p o r t  ana lys is ,  an approximate method f o r  computing t h e  amounts o f  
sediment depos i t i on  d u r i n g  f l o o d  f lows was developed. I n  t h i s  sec t ion ,  t h e  
term "sediment" r e f e r s  t o  the  coarse gra ined m a t e r i a l  (predominant ly  sand 
and g r a v e l )  which makes up the  bed o f  t he  Russian R ive r  (see F igure  4 . 4 ) ,  

and n o t  t h e  s i l t s  and c lays  which may a l so  be c a r r i e d  by the  f l o o d  waters.  
S i l t s  and c l a y s  are  n o t  found i n  s i g n i f i c a n t  q u a n t i t i e s  i n  the  channel bed 
of t he  s tudy reach. These f i n e r  m a t e r i a l s  t y p i c a l l y  remain suspended w i t h i n  
the  r u n o f f  f low,  and are  n o t  deposi ted on the  channel bed. The source o f  
t he  suspended f i n e  m a t e r i a l ,  o r  "wash load,"  i s  f rom eros ion  o f  t h e  
c o n t r i b u t i n g  watershed, and, poss ib ly ,  t h e  channel banks. 

The sediment d e p o s i t i o n  ana lys i s  approach i s  based upon t h e  c o n t i n u i t y  
equat ion,  which s t a t e s  t h a t  t h e  sediment i n f l o w  t o  a reach minus the  
sediment o u t f l o w  equals t h e  amount o f  depos i t .  I f  t h e  o u t f l o w  i s  g r e a t e r  
than t h e  i n f l o w ,  then t h e  volume o f  sediment w i t h i n  t h e  reach i s  decreased. 
Sediment i n f l o w  occurs f rom t h r e e  sources: (1 )  t h e  Russian R i v e r  main stem, 
above Cloverdale,  (2 )  t he  l o c a l  t r i b u t a r i e s  a long t h e  Alexander V a l l e y  Reach 
i n c l u d i n g  Sulphur Creek, Crocker Creek, I c a r i a  Creek, G i l l  Creek, M i l l e r  
Creek and Sausal Creek, and ( 3 )  t h e  l o c a l  t r i b u t a r i e s  a long the  Midd le  Reach 
i n c l u d i n g  Dry Creek (downstream from Warm Springs Dam)/Pena Creek/Mi l l  
Creek. The model computes t h e  sediment depos i t i on  i n  t h e  Alexander Va l l ey  
Reach and t h e  M i d d l e  Reach. I t  a lso  computes t h e  amount o f  seaiment that 
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passes through the  end o f  the study area (downstream o f  Wohler Br idge) .  
F igure  4 . 3  shows the  study area and the  l o c a t i o n s  where sedimentat ion 
q u a n t i t i e s  are computed. 

4 .4 .1  Sediment Transpor t  Re la t ionsh ips  

The sediment t r a n s p o r t  capac i t y  f o r  the  Russian R ive r  was computed 

us ing  the  Meyer-Peter, M u l l e r  bed load equat ion i n  con junc t ion  w i t h  

E i n s t e i n ' s  procedure f o r  i n t e g r a t i o n  o f  t he  suspended bed ma te r ia l  load.  
The channel hyd rau l i cs  (depth, v e l o c i t y ,  e t c . )  were determined us ing  the  
computer program HEC-2, "Water Surface P r o f i l e s . "  By us ing  the  r e s u l t s  o f  

bo th  programs, r e l a t i o n s h i p s  for sediment discharge as  a f u n c t i o n  o f  water  
discharge are  obta ined.  These equat ions are o f  t h e  form 

Q, = CQ," 

where Q, i s  t he  sediment d ischarge i n  tons per  day, C and n are emp i r i ca l  

constants  and Q, i s  t h e  water discharge i n  c f s .  

Re fe r r i ng  t o  F igure  4.3 the  sediment i n f l o w  t o  the  Alexander Va l l ey  

Reach, Qs4, was computed us ing  measured sediment l o a d i n g  da ta  t o  c a l i b r a t e  

the  sediment t r a n s p o r t  equat ion.  Qs3 i s  t h e  t r a n s p o r t  capac i t y  o f  t he  r i v e r  

a t  t he  downstream end o f  t h e  Alexander Va l ley .  Qs6 i s  t h e  sediment 

c o n t r i b u t i o n  o f  l o c a l  t r i b u t a r i e s  along t h e  Alexander Va l l ey  Reach, 

est imated based on t h e  r a t i o  o f  t he  drainage area t o  be approx imate ly  one- 

e i g h t h  o f  Q s 4 .  The depos i t i on  i n  t h e  Alexander V a l l e y  Reach, QD2, i s  t he  
d i f f e r e n c e  between t h e  i n f l o w  and ou t f low,  o r :  

The r i v e r  between t h e  Alexander Va l l ey  Reach and t h e  Midd le  Reach i s ,  
f o r  t h e  most p a r t ,  a conf ined channel where the  t r a n s p o r t  capac i t y  i s  h igh .  
Computations i n d i c a t e  t h a t  t he  sediment t r a n s p o r t  capac i t y  of  t h i s  conf ined 

channel i s  g r e a t e r  than the  amount supp l ied  t o  i t  from the  Alexander Va l l ey  

Reach. However, as m i n i m a l  a d d i t i o n a l  supply i s  a v a i l a b l e  w i t h i n  t h i s  
reach, i t  i s  judged t h a t  t he  amount o f  sediment t ranspor ted  through t h i s  
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Figure 4 .3  Diagram o f  Sediment Routing Locations 
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reach (and i n t o  the  Middle Reach) i s  l i m i t e d  t o  the  amount supp l ied  f r o m  the  
Alexander Va l l ey  Reach. Thus Qs2 i s  equal t o  Qs3. 

The sediment c o n t r i b u t i o n  from Dry Creek, Qs5, has decreased s ince the  
cons t ruc t i on  of Warm Springs Dam. The dam a l t e r s  the  hydrology o f  t he  
stream, which, i n  t u r n ,  a f fec ts  t h e  sediment t r a n s p o r t  capac i ty .  M i l l  Creek 
and Pena Creek, however, a re  downstream from the  dam and s t i l l  c o n t r i b u t e  
sediment. F igure  4 . 5  shows the  d ischarge frequency curve f o r  Dry Creek 
before and a f t e r  t h e  dam was b u i l t .  F igure  4.6 shows the  d ischarge 
frequency curve f o r  t he  Russian R iver  a t  Healdsburg. For a g i ven  r e t u r n  
p e r i o d  f l o o d  t h e  d ischarge i n  Dry Creek i s  approximately 15% o f  the  Russian 
R iver  d ischarge w i t h  Warm Springs Dam i n  place. The sediment c o n t r i b u t i o n  
from Dry Creek (Qs5)  was ca l cu la ted  us ing  hydrology which fo l l owed  t h i s  15% 
r a t i o .  

The f i n a l  q u a n t i t y  i n  F igure  4.3 i s  Q s l ,  t he  o u t f l o w  from the  Middle 
Reach. Th is  o u t f l o w  was computed us ing  the  combined water d ischarge o f  Dry 
Creek and t h e  Russian R i v e r .  

The amount of ma te r ia l  deposi ted i n  the  Middle Reach, Q D l ,  i s  equal 
t he  supply f rom both  the  Alexander Va l l ey  Reach and Dry Creek, minus the  
o u t f l o w  f rom t h i s  reach, o r :  

Q D I  = Qs2 + Qs5 - Qs1 

The values o f  t h e  constants  f o r  t he  equat ions used t o  compute Q,, t o  
Qsb are  shown i n  Table 4.6. 

Th is  sediment c o n t i n u i t y  model was programmed i n t o  a LOTUS spreadsheet 
and was used t o  assess t h e  approximate volumes o f  sand and grave l  depos i ts  
for g iven  hyd ro log i c  events.  

4.4.2 
Using the procedure descr ibed above, t h e  approximate amounts o f  sand 

and g rave l  depos i t s  were determined f o r  each o f  t h e  f i v e  r a i n f a l l  seasons 
i n  t h e  s tudy per iod .  Since the  hydro logy mon i to r i ng  program was s t a r t e d  i n  
1981, two major  f l o o d s  have occurred. The f i r s t  was i n  March, 1983 and t h e  
second was i n  February 1986. The 1983 event had an unusua l ly  l ong  d u r a t i o n  
w h i l e  t h e  1986 event had a h i g h  peak d ischarge.  The presence o f  t w o  l a r g e  
events i n  such a s h o r t  p e r i o d  o f  reco rd  keeping increases t h e  usefu lness o f  

Sediment Deposits for the Study Period 1981 t o  1986 
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Table 4.6  Values of Constants Used i n  Sediment Rou t ing  Equat ions 

T ranspor t  Capac i t y  Q s  = cQn 

Downstream End o f  M i d d l e  Reach: C, = 0.008204 

c2 = 0.001425 

c3 = 0.003874 

cq = 0.002469 

c5 = 0.011400 

c6 = 0.000321 

n, = 1.50 

n2 = 1.80 

n3 = 1 .65  

n4 = 1 .80 

n5 = 1.80 

nz = 1.80 

** 
Upstream End o f  M i d d l e  Reach: 

Downstrern End o f  A lexander  V a l l e y  Reach: 

Upstream End o f  A lexander  V a l l e y  Reach: 

Downstream End o f  Dry Creek: 

T r i b u t a r i e s  t o  Alexander  V a l l e y  Reach: 

t* 

Transport capaci ty  only: ac tua l  transport con t ro l l ed  by upstream supply 
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t h e  m o n i t o r i n g  program d a t a  d r a m a t i c a l l y .  The hydrographs f o r  t h e  Russian 
R i v e r  a t  Healdsburg a r e  shown i n  F i g u r e s  4.7 t o  4.11. 

Table 4.7 and F i g u r e s  4.12 and 4.13 show t h e  r e s u l t s  o f  t h e  sediment 
r o u t i n g  a n a l y s i s .  It i s  es t imated  t h a t  a t o t a l  of  approx imate ly  2,668,000 
tons  were d e p o s i t e d  i n  t h e  Midd le  Reach and 5,885,000 tons  were depos i ted  

i n  t h e  Alexander  V a l l e y  Reach d u r i n g  t h e  5 y e a r  s tudy  p e r i o d .  A l s o  shown 
i n  Table 4.7 a r e  t h e  r e p o r t e d  amounts o f  m a t e r i a l  mined f r o m  t h e  r i v e r .  The 
r e p o r t e d  amounts mined a r e  l e s s  than t h e  e s t i m a t e d  sediment d e p o s i t s  f o r  
b o t h  reaches. T h i s  i s  t o  be expected s i n c e  t h e  s tudy  p e r i o d  exper ienced 
above normal r a i n f a l l  f o r  most o f  t h e  years .  

F i g u r e s  4.14 and 4.15 summarize a d d i t i o n a l  r e s u l t s  o f  t h e  sediment 
t r a n s p o r t  a n a l y s i s :  t h e  r e l a t i v e  s i g n i f i c a n c e  o f  each source o f  sediment 
t o  t h e  s tudy  reaches, and t h e  d i s t r i b u t i o n  and percentage o f  t h e  d e p o s i t s .  
Approx imate ly  80% o f  t h e  m a t e r i a l  was computed t o  have been s u p p l i e d  by t h e  
Russian R i v e r  main stem; w i t h  10% s u p p l i e d  by t h e  Alexander V a l l e y  
t r i b u t a r i e s ;  and 10% s u p p l i e d  by Dry Creek. O f  t h i s  supply,  approx imate ly  
55% d e p o s i t e d  i n  t h e  Alexander V a l l e y  Reach; 25% i n  t h e  M i d d l e  Reach and 20% 
l e f t  t h e  s tudy  area. 

4.4.3 Average Annual Sediment D e p o s i t s  
R e p r e s e n t a t i v e  d i s c h a r g e  hydrographs f o r  t h e  loo- ,  50-, 20-, lo-, 5- 

and 2-year  f l o o d s  f o r  t h e  Russian R i v e r  a t  Healdsburg a r e  shown i n  F i g u r e  
4.16. The sediment d e p o s i t s  f o r  these hydrographs were computed u s i n g  t h e  
method d e s c r i b e d  i n  t h i s  s e c t i o n .  The r e s u l t s  a r e  shown i n  Tab le  4.8. The 
sediment d e p o s i t  was p l o t t e d  a g a i n s t  t h e  p r o b a b i l i t y  o f  i t s  a s s o c i a t e d  
f l o o d ,  and t h e  graph i n  F i g u r e  4.17 was obta ined.  The area  under t h e  c u r v e  
is t h e  s t a t i s t i c a l  average annual d e p o s i t .  T h i s  was computed t o  be 682,000 
tons p e r  y e a r  f o r  t h e  Alexander  V a l l e y  Reach and 284,000 t o n s  p e r  y e a r  f o r  
t h e  M i d d l e  Reach. These amounts a r e  somewhat l e s s  t h a n  t h e  average annual 
d e p o s i t s  f o r  t h e  s tudy  p e r i o d  which were 533,600 t o n s  p e r  y e a r  f o r  t h e  
M i d d l e  Reach and 1,177,000 t o n s  p e r  y e a r  f o r  t h e  Alexander V a l l e y  Reach. The 
reason i s  t h a t  t h e  s tudy  p e r i o d  exper ienced above average r a i n f a l l .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  t h e  average annual mining amount f o r  t h e  s tudy  
p e r i o d  was 297,000 t o n s  p e r  y e a r  f o r  t h e  M i d d l e  Reach and 735,600 tons  p e r  
y e a r  f o r  t h e  Alexander  V a l l e y  Reach. These va lues  a r e  v e r y  c l o s e  t o  t h e  
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FLOU HYDROCRAPH OF RUSSIAN RIVER 

FOR THE S W  1981-1982 

DAYS 

NOTE: T H I S  HYDROGRAPH OR FLOU HISTORY IS SHOUN I N  BAR GRAPH FORM 
EACH BAR REPRESENTS 1 DAY OF FLOU AT THE AVERAGE RATE INDICATED 
THE CHART INCLUDES ALL THE S I G N I F I C A N T  FLOU DAYS DURING THE SEASON I D E N T I F I E D  
THE FLOU DAYS SHOWN DID NOT NECESSARILY OCCUR I N  SUCCESSION U I T H W T  INTERRUPTION 

Figure 4 . 7  Flow Hydrograph of Russian River for the Season 1981-1982 
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FLOU HYDROCRAPH OF RUSSIAN RIVER 

FOR THE SEASON 1982-1983 
45 

40 - 

DAYS 

NOTE: THIS HYDROGRAPH OR FLOU HISTORY IS SHOUN IN BAR GRAPH FORM 
EACH BAR REPRESENTS 1 DAY OF FLOU AT THE AVERAGE RATE INDICATED 
THE CHART INCLUDES ALL THE SIGNIFICANT FLOU DAYS DURING THE SEASON IDENTIFIED 
THE FLOU DAYS SHOUN D I D  NOT NECESSARILY OCCUR IN SUCCESSION UITHOUT INTERRUPTION 

Figure  4.8 Flow Hydrograph o f  R u s s i a n  River f o r  t h e  Season 1982-1983 
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FLOW HYDROQ1PSH OF RUSSIAN RIVER 

FOR THE SEASON 1985-1984 28 

DAYS 

MOTE: T H I S  HYDROGRAPH OR F L W  HISTORY IS S H W N  I N  BAR GRAPH FORM 
EACH BAR REPRESENTS 1 DAY OF F L W  AT THE AVERAGE RATE I N D I C A T E D  
THE CHART INCLLIDES ALL THE S I G M I F I C A N T  F L W  DAYS DURIMG THE SEASOM I D E N T I F I E D  

THE F L W  DAYS SHCUN D I D  NOT NECESSARILY OCCUR I N  SUCCESSION WITHOUT INTERRUPTION 

Figure 4.9 Flow Hydrograph of Russian River for the Season 1983-1984 
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-H OF RUSSIAN RIVER 

DAYS 

NOTE: T H I S  HYDROGRAPH OR FLOV HISTORY IS SHOVN I N  EAR GRAPH FORM 
EACH BAR REPRESENTS 1 DAY OF F L W  AT THE AVERAGE RATE INDICATED 
THE CHART INCLUDES ALL THE SIGNIFICANT FLOV DAYS DURING THE SEASON I D E N T I F I E D  

THE FLW DAYS SHCUN D I D  NOT NECESSARILY OCCUR I N  SUCCESSION U I T H W T  INTERRUPTION 

Figure 4.10 Flow Hydrograph o f  Russian River f o r  the Season 1984-1985 

60 
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NOTE: T H I S  HYDROGRAPH OR FLOU HISTORY I S  S H W N  I N  BAR GRAPH FORM 
EACH BAR REPRESENTS 1 DAY OF FLOU AT THE AVERAGE RATE I N D I C A T E D  
THE CHART INCLUDES ALL THE S I G N I F I C A N T  FLOU DAYS DURING THE SEASON I D E N T I F I E D  
THE FLOU DAYS SHOUN D I D  NOT NECESSARILY OCCUR IN SUCCESSION UITHOUT INTERRUPTION 

Figure 4.11 Flow Hydrograph o f  Russian River for the Season 1985-1986 
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Table 4 .7  Results o f  Sediment Routing Analysis 

Middle Reach A1 exander Val 1 ey 

F1 ood 
Year 

81 -82 
82-83 

84-85 
85-86 

83 -a4 

T o t a l  

Average 

Computed Reported Computed Reported 
Depos i t Mining Depos i t Mining 
( T o n s )  (Tons )  (Tons)  ( T o n s )  

491,000 455,000 1,161,000 409,000 
741,000 318,000 1,609,000 494,000 
298,000 98,000 737,000 968,000 

27,000 379,000 69,000 864,000 
1,111,000 235,000 2,309,000 943,000 

2,668,900 1,485,000 5,885,000 3,678,000 

533,600 297,000 1,177,000 735,600 

NOTE: MIMING AMOUNTS ARE FOR THE SEASON FOLLOUINC THE SPECIFIED HYDROLOGIC EVENT 
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aRARIs0II OF S E D I r n  DEPOSITS AND 

GRAVEL N I N I N G  F O R  THE NIDDLE REACH 
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Figure 4.12 Comparison o f  Sediment Deposits and Gravel Mining 
f o r  the Middle Reach 

cctPARIsow of S E D I r n  DEPOSITS AND 

GRAVEL MINING FOR THE ALEXANDER VALLEY 
2.4 

2.2 

2 

1 .8  

1.6 

1.4 

1.2 

1 

8.8 

0.6 

0.4 

0 . 2  

a 

1 

Figure 4 .13  Comparison o f  Sediment Deposits and Gravel Mining 
for  t h e  Alexander V a l l e y  
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RusSIAw RIVER SDIm SUPPLY 

FOR STUDY PERIOD 1981-1986 
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Figure  4 .14  RussiaR R iver  Sediment Supply f o r  1981-1986 

RUSSIAN RIVER S E D I M  DEPOSIT 

FOR STUDY PERIOD 1981-1986 

ALEX. VAL. (55.0%) 

HID.REACH 

Figure  4.15 Russian R i v e r  Sediment Deposits f o r  1981-1986 
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RUSSIAN RIVER AT HEALDSBURG 

REPRESENTATIVE HYDROGRAPHS 
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F i g u r e  4.16 Russian River at Healdsburg Representative Hydrographs  
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Table  4.8 Sediment Depos i ts  f o r  Var ious  Frequency Floods 
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est imated long  term average annual depos i ts  (284,000 tons/year and 682,000 

tons/year) .  

4.5 Rive r  Response t o  Mining A c t i v i t y  
4.5.1 I n t r o d u c t i o n  
The p o t e n t i a l  changes i n  a r i v e r  and i t s  al ignment inc lude 

degradat ion,  aggradat ion and ya te ra l  m igra t ion .  Degradat ion means v e r t i c a l  
downcut t ing o f  t he  r i v e r  bed, w h i l e  aggradat ion i s  t h e  v e r t i c a l  r i s i n g  o f  
t h e  r i v e r  bed due t o  sediment depos i t ion .  La te ra l  m i g r a t i o n  i s  the  
occurrence of bank l i n e  s h i f t i n g  r e s u l t i n g  from t h e  n a t u r a l  tendency o f  a 
r i v e r  t o  meander and a l so  from bank eros ion.  Bank f a i l u r e  occurs when t he re  
i s  excessive degradat ion.  Therefore degradat ion i n  a r i v e r  can a l so  cause 
i t  t o  migra te .  

Inst ream min ing can b r i n g  both negat ive  and p o s i t i v e  impacts on the  
Russian R iver .  Excessive min ing can cause t h e  r i v e r  bed t o  degrade, 
i nc reas ing  t h e  p o t e n t i a l  f o r  bank f a i l u r e .  Bank f a i l u r e  produces added 
sediment loads i n t o  t h e  channel and the  bank l i n e  i s  s h i f t e d .  On t h e  o the r  
hand, t h e  meandering o f  a r i v e r  can be induced by grave l  bar  format ions t h a t  
f o r c e  the  f l o w  l a t e r a l l y  i n t o  the  banks, c r e a t i n g  l a r g e  meander loops.  Due 
t o  t h e  scour t h a t  occurs along t h e  ou ts ide  bends o f  these meanders, and 
aggradat ion which occurs along the  i n s i d e  bends, t he  meanders w i l l  t y p i c a l l y  
t r a n s l a t e  downstream over t ime. Because o f  t h e  uns tab le  na tu re  o f  a 
r e l a t i v e l y  steep meandering channel, t he re  i s  t h e  p o t e n t i a l  f o r  more loss 
o f  l a n d  area due t o  n a t u r a l  meandering than t h a t  due t o  bank f a i l u r e .  

I f  t h e  g rave l  bars a re  n o t  removed, the  f l o w  can be d i v e r t e d  towards 
banks, r e s u l t i n g  i n  excess ive bank loss  and the  promot ion o f  meander loops.  
Excessive removal of t h e  grave l  may cause t h e  r i v e r  t o  become more 
channel ized and prevent  t h e  f l o w  being d i v e r t e d  t o  t h e  banks. However, bank 
f a i l u r e  may occur i f  t h e  t o e  i s  eroded away. C o n t r o l l e d  min ing  o f  g rave l  
bars  can c o n t r i b u t e  t o  i nc reas ing  channel s t a b i l i t y  i n  some cases. F igure  
4.18 i l l u s t r a t e s  t h e  two types o f  r i v e r  behavior  discussed above. 

4.5.2 Types o f  R i v e r  Response Dur ing  t h e  Study Per iod  
Th is  s e c t i o n  d iscusses the  r i v e r  responses o t h e r  than t h e  general  

l ower ing  o f  t h e  c ross -sec t i on  e l e v a t i o n  which occur d u r i n g  min ing.  The most 
apparent aspect L~ r i v e r  behavior  i s  bank movement which leads t o  l a n d  l o s s .  
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This  occurred many t imes i n  the  Alexander Va l ley  Reach. There was on ly  one 
ins tance of bank eros ion  i n  the  Middle Reach and i t  occurred several  m i les  
f rom the  nearest  min ing operat ion,  so t h i s  sec t i on  w i l l  be devoted main ly  
t o  the  Alexander Va l ley .  

4.5.3 Ef fec t  o f  Mining Upon Bank Eros ion i n  t h e  Alexander Va l l ey  Reach 
By examining t h e  10 sets  o f  a e r i a l  photos which cover the  study 

per iod ,  two areas i n  the  Alexander Va l l ey  were found t o  c o n t a i n  most o f  t h e  
bank eros ion :  R ive r  m i l e s  47 t o  50 (conta ined i n  subreaches 5 and 6)  and 
r i v e r  m i l e s  53 t o  56 (conta ined i n  subreaches 8 and 9 ) .  These two areas 
correspond approximately w i t h  the  widest  p a r t s  o f  t he  Alexander Val l e y  
reach. F igure  4.19 shows a p l o t  o f  t he  channel w id th  vs. d i s tance  f o r  t h e  
Alexander Va l l ey  reach. The darker  l i n e  on t h i s  p l o t  i s  t h e  rep resen ta t i ve  
average channel w i d t h  computed by averaging the  channel w id th  a t  a p o i n t  
w i t h  t h e  channel widths a t  two p o i n t s  on e i t h e r  s ide.  Th is  i s  c a l l e d  t h e  
5 p o i n t  average channel width.  The shaded areas represent  t h e  l o c a t i o n s  o f  
bank e ros ion  s i t e s  d u r i n g  the  s tudy p e r i o d  1981 t o  1986. The b lack  do ts  are 
the  l o c a t i o n s  where grave l  min ing occurred a t  l e a s t  3 ou t  o f  t he  5 years i n  
t h e  s tudy per iod ;  i n  o the r  words, min ing operat ions t h a t  a re  r e l a t i v e l y  
cont inuous. O f  t he  12 cont inuous s i t e s  i d e n t i f i e d ,  4 o f  these s i t e s  were 
w i t h i n  m i l e s  47 t o  50 and 1 o f  t h e  s i t e s  was i n  m i l e s  53 t o  56. The min ing 
s i t e  near m i l e  59 exper ienced bank eros ion  i n  1986. The o the r  s i x  
cont inuous min ing  s i t e s  d i d  n o t  appear t o  be near major e ros ion  s i t e s .  

To f u r t h e r  exp lo re  t h i s  t o p i c ,  t h e  bank e ros ion  which occurred as a 

r e s u l t  o f  t he  1982 through 1986 f l oods  was p l o t t e d  on separate graphs. 
S i t e s  where min ing  occurred i n  t h e  summer be fo re  each r e s p e c t i v e  f l o o d  were 
a l s o  i d e n t i f i e d  on each graph. The r e s u l t s  a re  i n  F igures  4.20 t o  4.24 f o r  
t h e  1982, 1983, 1984, 1985 and 1986 f loods ,  r e s p e c t i v e l y .  The approximate 
area o f  each e ros ion  event i s  shown nex t  t o  t h e  symbol which i n d i c a t e s  i t s  
l o c a t i o n  and t h e  bank upon which i t  occurred. 

Some q u a l i t a t i v e  analyses was performed t o  e s t a b l i s h  a r e l a t i o n s h i p  
between g rave l  mining and bank eros ion.  F i r s t ,  t h e  number o f  min ing  s i t e s  

which were w i t h i n  one -ha l f  m i l e  upstream o r  downstream o f  an e ros ion  s i t e  
was i d e n t i f i e d .  Th is  conserva t ive  one-ha l f  m i l e  range o f  i n f l u e n c e  was 
se lec ted  as f o l l o w s :  (1 )  t h e  maximum wavelength o f  t h e  meandering channel 
w i t h i n  t h e  s tudy  reach i s  approx imate ly  1 m i l e  (5000 ft i n  subreach 11) ;  ( 2 )  
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Figure  4 .19  Areas o f  Bank Erosion and Gravel Mining f o r  the Study Per iod  
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Figure 4.20 Areas of Bank Erosion and Gravel Mining for the 1982 Flood 
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Figure 4 . 2 3  Areas of Bank Erosion and Gravel Mining for the  1985 Flood 
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over the  course o f  one wavelength, t he  channel a l t e r n a t e s  through zones o f  
depos i t i on  and eros ion  (two cyc les) ,  w i th  the  i n te r face  between these zones 
a c t i n g  as a l o c a l  p i v o t  p o i n t  f o r  channel adjustment; (3)  one-ha l f  m i l e  o f  
t he  r i v e r  w i l l  cover a t  l e a s t  one-ha l f  o f  t h e  maximum wavelength observed 
along t h e  s tudy reach, and, there fore ,  w i l l  con ta in  a t  l e a s t  one in te r face  
between eros ion  and depos i t ion .  

If bank eros ion  occurred more than one-ha l f  m i l e  away from a min ing 
s i t e ,  i t  i s  n o t  l i k e l y  t o  be a d i r e c t  r e s u l t  of t h a t  min ing a c t i v i t y .  The 
eros ion  s i t e s  w i t h i n  a h a l f  m i l e  o f  min ing a c t i v i t y  may o r  may n o t  be 
r e l a t e d  t o  t h e  min ing.  

For t h e  s tudy per iod,  53 min ing instances were i d e n t i f i e d .  F i f t e e n  
of t he  s i t e s  were w i t h i n  a h a l f  m i l e  o f  an eros ion  s i t e  and 38 o f  t h e  s i t e s  
were more than a h a l f  m i l e  from an eros ion  s i t e .  The conclus ion i s  t h a t  
most instances o f  bank eros ion  i n  the  Alexander Va l l ey  Reach are  n o t  r e l a t e d  
d i r e c t l y  t o  g rave l  mining impacts. These r e s u l t s  a re  summarized i n  Table 
4.9. 

A second approach was a l so  taken. The number o f  e ros ion  s i t e s  f o r  
each f l o o d  were i d e n t i f i e d  and the  area f o r  each was measured. The t o t a l  
area o f  l a n d  l o s t  t o  bank eros ion  w i t h i n  a h a l f  m i l e  o f  a min ing s i t e  was 
determined. These r e s u l t s  a re  a l so  summarized i n  Table 4.9. O f  t he  t o t a l  
132 acres o f  l a n d  l o s t  i n  the  Alexander Va l l ey  Reach d u r i n g  t h e  major f l oods  
o f  t h e  s tudy per iod ,  72 acres were w i t h i n  a h a l f  m i l e  o f  a min ing s i t e  and 
60 acres were more than a h a l f  m i l e  away from a min ing s i t e .  The conc lus ion  

from t h i s  i s  t h a t  most of t h e  l a n d  l o s t  t o  bank eros ion  was w i th  one-hal f  
m i l e  o f  a mining s i t e .  Th is  conclus ion must be kept  i n  contex t ,  however. 
Gravel min ing  i s  t y p i c a l l y  l oca ted  i n  areas o f  aggradat ion,  which are  areas 
where t h e  r i v e r  tends t o  be l e s s  de f i ned  and s h i f t i n g .  As i n d i c a t e d  i n  
F igu re  4.19, bank e ros ion  was p reva len t  i n  areas where t h e  r i v e r  i s  wide - -  
where t h e  r i v e r  has h i s t o r i c a l l y  a l t e r e d  i t s  course f rom t ime  t o  t ime. 
Since 60 acres o f  l a n d  l o s s  occurred away from min ing s i t e s ,  i t  i s  poss ib le  
t h a t  some o r  even a l l  o f  t h e  72 acres would have been l o s t  even i f  t h e r e  was 
no g rave l  mining. 
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WOF 
FLWO 

: W E R E  : W E R f f  : M E R  ff MIN- : :AMawTOFBAN( : A M G W T O F B A N <  
:MINING SITES: MINING SITES : IN6 SITES MORE : : TOTAL : EREION WITHIN : EROSION MORE 
:THE SIW"ER : WITHIN A HALF : THAN A HALF : NLMBER OF : LANO LOST TO : A HALF MILE ff : T" A HALF 
:PRIOR TO : MILE OF AN : MILE AWAY FROM : EROSION : BAN( EROSION : A MIWIN6 : MILE FRCM A 
:THE FLWO : ERDSION SITE : AN EROSION SITE : SITES : (ACRES) : SITE : MINI16 SITE 

1981-82 : 18 : 4 :  6 :  8 :  31.1 : 18.1 : 21 

1982-83 : 15 : 4 :  11 : 6 :  34 .5  : 21.3 : 13.2 

1983-84 : 8 :  1 :  7 :  2 :  9.5 : 3 . 8  : 5 . 7  

1984-85 : 8 :  a :  8 : none : none : none : none 

1985-86 : 12 : 6 :  6 :  11  : 57.3 : 37.2 : a. 1 

TOTALS : 53 : 15 : 38 : 27 : 132.4 : 72.4 : 61 

NOTE: YEAR OF FLOOO MEANS THE UTER YEAR I N  WICH THE FLOOD OCCWRED. 
THE MINING MTA CORRESPOMS TO THE SPRING AH) U m E R  BEFORE THE 
FLOOO. FOR W L E .  THE 1982-83 FLOW I S  RELATED TO MINING DATA 
FOR THE SPRING AH) SU*ER OF 1982. 
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4.5.4 Non-mining Factors  Which A f fec t  R ive r  Behavior 
The type of  g rave l  min ing which occurs i n  the  Alexander Va l ley  Reach 

i s  main ly  the  skimming o f  g rave l  bars t o  a c o n t r o l l e d  depth which i s  above 
the  low f low water sur face e leva t i on .  As mentioned e a r l i e r .  t h i s  a c t i v i t y  
can a c t u a l l y  decrease the  amount o f  r i v e r  meandering by e l i m i n a t i n g  b u i l t  
up depos i ts  t h a t  may d e f l e c t  the  f l o w  i n t o  the  bank. 

The slopes o f  t he  Alexander Va l ley  Reach and t h e  Middle Reach are 
p l o t t e d  i n  F igures 4 . 2 5  and 4 . 2 6 .  The average slopes are approximately 
0.0015 and 0.0008 f o r  t he  Alexander Va l l ey  Reach and Middle Reach, 
r e s p e c t i v e l y .  According t o  the  work o f  Lane ( 1 9 5 7 )  t he re  i s  a r e l a t i o n s h i p  
between a r i v e r ’ s  general  c h a r a c t e r i s t i c s  and t h e  product  o f  i t s  s lope and 
average discharge. F igure  4 . 2 7  shows a p l o t  o f  s lope vs. mean d ischarge f o r  
var ious  r i v e r s .  Note t h a t  under f l o o d  cond i t i ons ,  bo th  Dry Creek and the  
Alexander Va l l ey  Reach o f  t he  Russian R iver  are i n  t h e  bra ided stream reg ion  
and t h a t  t h e  Middle Reach i s  i n  t h e  s tab le ,  in te rmed ia te  stream reg ion .  
This  means t h a t  t h e  n a t u r a l  s t a t e  o f  t h e  Alexander Va l l ey  reach i s  t o  be 
somewhat uns tab le  and occas iona l l y  s h i f t  i t s  main channel l o c a t i o n .  The 
Midd le  Reach was very  s t a b l e  du r ing  the  study per iod .  

One o f  t h e  f a c t o r s  t h a t  con t r i bu tes  t o  t h e  i n s t a b i l i t y  o f  t he  
Alexander Va l l ey  Reach i s  inst ream a c t i v i t i e s  t h a t  d e f l e c t  t h e  f l o w  path  
d u r i n g  a f l o o d .  Th is  can be t h e  cons t ruc t i on  o f  temporary cross ings i n  the  
channel, t h e  presence o f  low f l o w  d i v e r s i o n  d ikes  o r  t h e  c o n s t r u c t i o n  o f  
bank p r o t e c t i o n  t h a t  d i v e r t s  t h e  f l o w  i n t o  t h e  oppos i te  bank thus 
c o n t r i b u t i n g  t o  f u r t h e r  eros ion.  Such f a c t o r s  a re  n o t  always v i s i b l e  on 

a e r i a l  photos, b u t  an example i s  shown i n  F igure  4 . 2 8 .  A f t e r  e ros ion  
occurred near index 496, bank p r o t e c t i o n  was b u i l t  t o  prevent  f u r t h e r  l and  
loss .  The p ro tec ted  bank d i v e r t s  the  f l o w  i n  t h e  t ransverse  d i r e c t i o n  and 
i n t o  t h e  bank on t h e  oppos i te  s ide  o f  t h e  stream. T h i s  area i s  l i k e l y  t o  
exper ience e ros ion  d u r i n g  f u t u r e  events; even though t h e r e  i s  a min ing  s i t e  
nearby, t h e  pr imary  cause o f  t h e  eros ion  w i l l  p robably  be t h e  f l o w  
d e f l e c t i o n  f rom t h e  p ro tec ted  r i v e r  bank. 

4.6 Sumnary and Conclusions 
Through examinat ion o f  t h e  r e s u l t s  o f  t he  survey da ta  ana lys is ,  t h e  

sediment r o u t i n g  ana lys i s  and t h e  bank eros ion  ana lys is ,  t h e  conclus ions 
presented i n  t h e t o l l o w i n g  paragraphs were developed. 
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Figure 4.27 Slope Discharge Relationship for Braiding and Meandering 
i n  Sand Bed Streams 
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Figure 4.28 Bank Protection Measure Near River Mile 49 

a3 



Concerning the survey data analysis: 

The changes which occurred within the surveyed portions of each 
subreach do not necessarily reflect what was occurring outside of the 
concentrated survey limits. Figures 4.1 and 4.2 indicate the scatter 
of the survey data throughout the study reaches. Figure 4.29 was 
prepared to illustrate the portion of the total Alexander Valley 
Reach that was covered by relatively intense survey over each season. 
It may be noted from this figure that area of intense survey in the 
Alexander Valley Reach never exceeded 50 percent o f  the reach during 
the study period. In addition, the cross-section surveys were 
concentrated on portions of the channel that were more intensely 
mined. Thus, the trends identified in the following conclusions must 
be evaluated with these qualifications in mind. 

Comparison of the fall 1981 and fall 1985 cross-section data allows 
identification of the trends that were evident prior to the 1986 
flood. Data corresponding to both surveys was available in 
subreaches 1, 2, 4, 5, 6, 8, 10 and 11. Low point elevations 
throughout every subreach except 10 (which is represented by a single 
section) were generally lower in the fall 1985 survey. Within 
subreaches 1 and 2 (a total o f  10 common cross sections), aggradation 
was noted at 6 locations, and degradation was noted at the remaining 
4. Within the surveyed portions of subreaches 4, 5, 6, and 8, 
overall degradation was evident during this period. The single 
cross-section in subreach 10 aggraded. 

Less cross-sectional data is available for evaluation of the fall 
1981 to spring 1986 aggradation/degradation and low point changes. 
Data for both seasons was available only for subreaches 4, 5, 6, 8 
and 11. Within subreach 4, the common cross-section data indicated 
a rise in the low point elevation and net aggradation over this 
period. The low point elevations within subreach 8 lowered over the 
period. However, the cross-sections generally aggraded throughout 
this subreach. The remaining subreaches (5, 6 and 11) exhibited both 
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a lowering of the low point and net degradation over the study 
period. 

Significant flood events occurring after previous seasons of mining 
are effective in reestablishing the mined gravel bars to an extent. 
Aggradation of unmined gravel bars was noted in non-mining areas. 

Within the surveyed portion of subreach 3, approximately 144,000 
cubic yards deposited in the winter seasons between fall 1981 and 
spring 1985 (no cross-sectional data is available within this reach 
after spring 1985). Assuming a unit weight of 1.5 tons/yd3, this 
amount is equivalent to approximately 216,000 tons of deposited 
material. 

Within the surveyed portions of Alexander Val ley Reach, approximately 
1,840,000 cubic yards (2,760,000 tons) were deposited in the winter 
seasons between fall 1981 and fall 1986. Since the length of common 
aeri a1 coverage from consecutive fa1 1 and spring surveys averaged 
approximately 40 percent, if this same amount o f  deposition were to 
have occurred over the entire Alexander Valley Reach, the total 
amount o f  deposition would have been on the order of 6,900,000 tons. 

Comparison of the available cross-section data indicates that 
approximately 1.94 million cubic yards (2.91 million tons) of 
material were mined from the Alexander Valley reach between fall 1981 
and fall 1986. Approximately 63 percent of this total occurred 
within subreaches 5 and 6. The reported mining amounts in Alexander 
Valley reach over this same time period total 2.74 million tons. 

Concerning the sediment routing analysis: 

Historical reconstruction indicates that, during the study period, an 
average of almost 1.2 million tons per year were deposited in the 
Alexander Valley Reach, and an average of 0.5 million tons per year 
were deposited in the Middle Reach. The deposition estimates are 
based upon sediment transport theory and represent material deposited 
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along t h e  e n t i r e  l e n g t h  o f  a l l  subreaches; thus they a r e  g rea te r  than 
the values obta ined i n  the  survey data ana lys is .  However, the  t o t a l  
recons t ruc ted  depos i t i on  w i t h i n  the  Alexander Va l ley  Reach over the  
study p e r i o d  (5,885,000 tons)  i s  comparable t o  the  ex t rapo la ted  
r e s u l t s  o f  the  c ross-sec t iona l  ana lys is  discussed above (6,900,000 
tons ) .  

Very l i t t l e  replenishment occurred f o r  small f l oods  as i n  1984-1985 
(peak d ischarge 13,000 c f s ) .  A l a r g e  f l o o d  such as i n  1985-1986 
(peak d ischarge 70,000 c f s )  can make up f o r  several  years o f  below 
average depos i t s . 

The long  term average annual depos i t i on  w i t h i n  t h e  Middle Reach and 
Alexander Va l l ey  Reach i s  est imated t o  be 284,000 and 682,000 tons 
per  year ,  r e s p e c t i v e l y .  Reported min ing est imates over  the  study 
p e r i o d  i nc lude  about 297,000 tons per  year  f rom t h e  Middle Reach and 
736,000 tons per  year  f r o m  the  Alexander Va l l ey  Reach. Whi le the  
min ing tonnage s l i g h t l y  exceeds the  long- te rm average depos i t i on ,  i t  
much l e s s  than t h e  study pe r iod  averages o f  533,600 tons and 
1,117,000 tons, r e s p e c t i v e l y .  

The bank eros ion  ana lys i s  y i e l d e d  the  f o l l o w i n g  r e s u l t s :  

The Midd le  Reach d i d  n o t  e x h i b i t  s i g n i f i c a n t  bank eros 
s tudy per iod .  

Approximately 132 acres o f  bank eros ion  occurred i n  

on du r ing  the  

the A1 exander 
V a l l e y  Reach d u r i n g  t h e  major storms o f  t h e  s tudy per iod .  About one- 
h a l f  o f  t h i s  t o t a l  occurred near min ing areas. The o t h e r  h a l f  was 
f a i r l y  remote f rom min ing s i t e s .  The bank eros ion  which occurred 
a long t h e  Alexander Va l l ey  Reach was g e n e r a l l y  l oca ted  along the  
ou ts ide  bends o f  t h e  meandering main channel and a long t h e  pa th  o f  
t h e  down-slope t r a v e l  o f  these bends. 

The m a j o r i t y  o f  t h e  bank l o s s  t h a t  occurred along t h e  Alexander 
V a l l e y  Reach was loca ted  i n  subreach 9 (bo th  i n  terms o f  t o t a l  acres 
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and i n  terms o f  acres per  m i l e  o f  r i v e r ) .  
g rave l  bars w i t h i n  subreach 9 was noted du r ing  the  s tudy per iod .  

L i t t l e  o r  no min ing o f  the 

There were a t  l e a s t  two instances of major bank eros ion  occu r r i ng  
bo th  upstream and downstream of a new min ing s i t e .  These were near 
r i v e r  m i l e s  47 and 62.7 dur ing  the  1986 f l ood .  The min ing had 
s t a r t e d  i n  t h e  sp r ing  o f  1985 and cont inued through t h e  sp r ing  o f  

1986 a t  t h e  same l o c a t i o n .  There was very  l i t t l e  replenishment o f  
g rave l  depos i t s  du r ing  t h e  1985 f l o o d  between the  two min ing per iods .  

Table 4.10 summarizes the  year-by-year  changes i n  sediment volume 
w i t h i n  the  Alexander Va l l ey  Reach and the  Middle Reach, cons ider ing  the  
t h e o r e t i c a l  q u a n t i t i e s ,  repo r ted  min ing q u a n t i t i e s ,  and the  r e s u l t s  o f  the  
ana lys i s  o f  t h e  survey data.  The t h e o r e t i c a l  and survey q u a n t i t i e s  f o r  the  
sp r ing  1982 t o  sp r ing  1986 per iods,  as w e l l  as the  est imated bank l o s s  areas 
f o r  t h e  e n t i r e  s tudy per iod,  are summarized on a subreach bas i s  i n  Table 
4.11.  . 
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TABLE 4.10 

THEORETICAL, REPORTED, AND SURVEYED SEDIMENT QUANTITIES WITHIN RUSSIAN RIVER 

ALEXANDER VALLEY REACH 

9 

F1 ood 
Period 

81 -82 
82-83 
83-84 
84-85 
85-86 

TOTALS: 

FALL 81 - FALL 86 
AVG 

FALL 81 - FALL 85 
AVG 

SPRING 82 - SPRING 86 
AVG 

ENTIRE REACH SURVEY AREA 

Theoretical Reported Theoretical Surveyed Surveyed Surveyed 
Deposition Mining Net Change Deposits Mining Net Change 

cubic yards cubic yards cubic yards cubic yards cubic yards cubic yards 

774,000 (273,000) 501,000 (17,000) (344,000) (361,000) 

491,000 (645,000) (154,000) 115,000 (591,000) (476,000) 
46,000 (576,000) (530,000) 238,000 (664,000) (426,000) 

1,539,000 (629,000) 910,000 923,000 (629,000)* 294,000 * 

1,073,000 (329,000) 744,000 585,000 (344,000) 241,000 

3,923,000 (2,452,000) 1,471,000 1,844,000 (2,572,000)* (728,000)* 
784,600 (490,400) 294,200 368,800 ( 514,400) (182,000) 

2,384,000 (1,823,000) 561,000 921,000 (1,943,000) (1,022,000) 
596,000 (455,750) 140,250 230,250 (485,750) (255,500) 

3,149,000 (1,823,000) 1,326,000 1,861,000 ( 1,943,000) (82,000) 
787,250 (455,750) 331,500 465,250 (485,750) (20,500) 

* Fall 1986 survey information was unavailable, so 
reported mining values were assumed for the mining period following the 85-86 floods 



Table 4.10 (continued..) 

MIDDLE REACH 

ENTIRE REACH SURVEY AREA 

Theoretical Reported Theoret ical  Surveyed Surveyed Surveyed 
Net Change 

Per iod cubic yards cubic yards cubic yards cubic yards cubic yards cubic yards 
Mining F1 ood Deposit ion Mining Net Change Deposits 

81 -82 327,000 (303,000) 24,000 21,000 (68,000) (47,000) 

83-84 199,000 (65,000) 134,000 48,000 4,000 52,000 
82-83 494,000 (212,000) 282,000 62,000 (67,000) ( 5,000) 

84-85 18,000 (253,000) (235,000) 13,000 N/A N/A 
85 - 86 741,000 ( 157,000) 584,000 N/A N/A N/A 

TOTALS : 

FALL 81 - FALL 86 1,779,000 (990,000) 789,000 
AVG 355,800 (198,000) 157,800 

FALL 81 - FALL 84 1,020,000 ( 580,000) 440,000 131,000 
AVG 340,000 (193,333) 146,667 43,667 

SPRING 82 - SPRING 85 711,000 ( 580,000) 131,000 123,000 
AVG 237,000 (193,333) 43,667 41,000 

(131,000) 
(43,667) 

0 
0 

Notes: The FALL - - FALL - periods consis t  o f  a FLOOD-MINE-FLOOD-MINE ... sequence 
i . e .  begin w i t h  a f l ood  season, and end w i l t )  a mining season 

The SPRING - - SPRING - periods s t a r t  w i t h  a mining season and end w i th  a f l ood  season 

Mining amounts are f o r  the season fo l lowing the speci f ied f l o o d  period 



T a b l e  4 .11  Sumnary of R e s u l t s  f o r  the S t u d y  P e r i o d  

SPRING 82 TO SPRING 86 

SUBREACH 

1 
2 
3 "  

SUBTOTAL 

4 
5 
6 
7 ** 
8 
9 

10 
11 

SUBTOTAL 

TOTAL 

BANK 
EROSION 
(ACRES) 

0 
3 
0 

3 

10 
25 
25 

7 
15 
54 

2 
9 

147 

150 

SURVEY ED 
FLOOD 

DEPOSITS 
(CU YD) 

N/A 
N/A 

123000 

123000 

108000 
647000 
448000 
126000 
382000 

N/ A 
N/A 

150000 

1861000 

1984000 

* SURVEY DATA THROUGH SPRING OF 1985 ** SURVEY DATA THROUGH FALL OF 1984 

SEDIMENT 
ROUT I NG 

DEPOSITS 
(CU YD) 

754000 
450000 
248000 

1452000 

3 15000 
3 15000 
347000 
347000 
252000 
629000 
3 15000 
629000 

3149000 

4601000 

SURVEYED 4 YEARS SUBREACH 
CHANGE OF AVERAGE 

SURVEY ED I N  LONG-TERM LOW-POINT 
MINING VOLUME OF 

VOLUMES DEPOSITS 
(CU YD) (CU YD) 

0 N/A 
0 N/A 

-131000 -8000 

-131000 -8000 

- 140000 
- 708000 
-521000 
- 2 7000 

-292000 
0 
0 

-255000 - 

-32000 
-61000 
-73000 
99000 
90000 

N/A 
N/A 

105000 

- 1943000 -82000 

- 2074000 - 90000 

AVERAGE ELEVATION 
DE POS I TS CHANGE 

(CU YD) ( F T )  

394000 - 1 . 0  
235000 - 2 . 0  
129000 - 0 . 3  

7 58000 

182000 - 0 . 1  
182000 - 1 . 3  
200000 - 1 . 6  
200000 - 0 . 1  
145000 - 1  . o  
364000 0 . 0  
182000 0 . 1  
364000 - 1 . 9  

1819000 

2577000 

NOTES: 1. llN/A1l INDICATES THAT THE TOTAL VOLUME OF DEPOSITS COULD NOT BE ESTIMATED FROn THE SURVEY DATA 
2 .  THE SEDIMENT ROUTING AND LONG-TERM AVERAGE DEPOSITS UERE ASSUMED TO BE EQUALLY DISTRIBUTED ALONG THE RIVER 
3 .  THE BANK EROSION AMOUNTS AND LOU-POINT ELEVATION CHANGES COVER THE ENTIRE PERIOO OF AVAILABLE DATA 
4. SUBREACH 1 AND 2 LOU-POINT ELEVATION CHANGES UERE DETERMINED F R W  CROSS-SECTION DATA SPACED APPROXIMATELY 

1 M I L E  APART AND THUS MAY NOT BE REPRESENTATIVE OF THE ENTIRE SUBREACH 

91 



V. HYDROLOGY MONITORING PROGRAM EVALUATION 
5.1 I n t r o d u c t i o n  

The hydro logy mon i to r ing  program was i n i t i a t e d  by Sonoma County 
Department o f  Planning t o  ob ta in  da ta  over an extended pe r iod  of t ime i n  
o rder  t o  a s c e r t a i n  t h e  e f f e c t s  of inst ream and t e r r a c e  min ing on the  Russian 
R iver .  The da ta  c o l l e c t i o n  e f f o r t  a c t u a l l y  serves a dual  purpose. F i r s t ,  
i t  documents changes i n  impor tant  r i v e r  c h a r a c t e r i s t i c s ;  second, i t  a l lows 
the  County t o  mon i to r  permi t  compliance by t h e  var ious  min ing e n t i t i e s .  
Th is  chapter  reviews the  e f fec t i veness  o f  t he  program i n  f u l f i l l i n g  these 
goa ls  and recommends m o d i f i c a t i o n s  which cou ld  improve the  program. 

5.2 Mon i to r i nq  Methods and Product 
The p r i n c i p a l  method o f  data accumulation i s  through a e r i a l  

photography and photogrametry. Twice each year,  i n  e a r l y  May and e a r l y  
November, t h e  Midd le  Reach and A1 exander Val 1 ey are  photographed us ing  a 

photo sca le  o f  1:4800 (1" = 400 ' ) .  I n  add i t i on ,  cross sec t ions  i n  the  
Midd le  Reach are recorded by f i e l d  surveys, which i nc lude  underwater da ta  
p o i n t s .  

For  t h i s  study, t he  f a l l  1981 photos are used f o r  t he  base map loca ted  
i n  Appendix 6 .  Using t h e  photo sets ,  photogrametry (measuring images on t h e  
photographs and reducing them t o  use fu l  da ta)  y i e l d s  cross sec t i on  da ta  a t  
any l o c a t i o n  a long t h e  r i v e r .  The accumulation o f  these photo se ts  over  
t ime c rea tes  an i nva luab le  source o f  data.  I t i s  poss ib le  t o  r e f e r  back t o  
h i s t o r i c a l  channel c o n f i g u r a t i o n s  w i t h  e x c e l l e n t  d e t a i l .  Comparison o f  
photo se ts  w i t h  one another can show l o c a t i o n s  o f  bank eros ion .  Th is  has 
been done f o r  each o f  t h e  f i r s t  t en  photo sets,  which were taken b i a n n u a l l y  
f rom f a l l ,  1981 through spr ing,  1986. Changes have a l s o  been noted i n  l and  
use, r i p a r i a n  c o r r i d o r s  and drainage pa t te rns  above t h e  r i v e r  banks. I n  
add i t i on ,  should new s i t e s  be considered f o r  inst ream mining, i t  i s  poss ib le  
t o  have a d d i t i o n a l  c ross  sec t ions  recorded by photogrametr ic  means i n  the  
area i n  quest ion.  Th is  i n fo rma t ion  w i l l  be very use fu l  i n  h e l p i n g  t o  
e s t a b l i s h  t h e  base l ine  c o n d i t i o n  o f  t h e  p o t e n t i a l  s i t e ,  and w i l l  a l l ow  
mon i to r i ng  o f  mined volumes du r ing  t h e  f i r s t  year  o f  opera t ion .  
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5.3 Photo Scale 
Presently, the specifications for aerial photography are as follows: 

Negative format: 
Lens focal length: 6 inches 
Photo scale: 1 : 4800 
Vertical accuracy: k0.5’ 
Horizontal accuracy: k2.5’ 

9 inches by 9 inches 

The Hydrologic Engineering Center (1987) reports the vertical accuracy of 
spot elevations taken from 1:4800 orthophotos is k0.6 feet, while horizontal 
accuracy is 22.6 feet. For 1:6000 scale photos, accuracy was determined to 
be 20.8 feet vertically and k3.3 feet horizontally. It can be assumed that 
the errors are of random nature for a large number o f  measurements. Thus 
the chance that all of the measurement errors will equal the maximum error 
is very small. For the purpose of calculating the volumes of gravel 
deposits, it is more appropriate to use the average error as a criteria for 
determining the overall accuracy of the volume calculation. This average 
error is approximately 70% of the maximum error for a normal distribution. 
Thus, if the maximum error for the aerial survey is 20.8 feet, the average 
elevation error in the volume calculations will be 70% of this, or about 
20.56 feet. Therefore, it is possible to use a survey scale of 1:6000 and 
maintain the desired average vertical survey accuracy. It is therefore 
suggested that, if necessary, the flying height for photography can be 
increased to obtain a scale of 1:6000 (1 inch equals 500 feet). This height 
can be determined by the following relationship (see Figure 5.1): 

where S, is the scale at elevation h [in/ft], f is the lens focal length 
[inches], H is flying height above datum [feet] and h is average elevation 
of ground [feet]. Based on this relationship, the flying height could be 
3000’ above the ground, which corresponds to an altitude of between 3050’ 
and 3250’ MSL for the reaches to be photographed. This recommendation can 
be implemented to decrease the cost of flying time and photography by 
allowing a larger area to be covered per photo. 
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I 
S h =  f 

H-h 

f =Focal Length, Inches 

H=Flying Height Above Datum, Feet 

h=Average Elevation On Ground 

ILLUSTRATION 

Given: Focal Length, f =  6''  

Average h = 980' 

Determine: Flying Height For Photo Scale Of 1 " = 400' (1" = 4800') 

6" - 1" -- s980 = 
H-980' 400' 

H = (400)(6")+980 
( 1") 

H = 2400 +9 80 

H =  3380' Above Datum 

Altitude Above The Ground= 2400 Feet 

R e f :  Moffit t ,  Francis and Mikhail, Edward; 
P h o t o g r a m m e t r y ,  Harper  a n d  Row, 
Third Edition,  1980 

Figure 5.1 Determination o f  aerial survey flying height. 
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SLA concurs with Sonoma County that the vertical accuracy of the 
survey is the key factor for volume calculations. Assuming an unbiased data 
set, there are three measured variables contributing to the uncertainty of 
volume calculations in the river bed. These are length of the prism 
(distance between sections), width of the section, and net elevation change. 
The dominant influence on the uncertainty of volume measurements in the 
river bed is the vertical accuracy of spot elevations (individual data 
points within a cross section). This conclusion is supported by a simple 
analysis of uncertainty presented by Holman (1984). Because of this, the 
current horizontal accuracy of k2 to t3 feet is sufficient. 

5.4 Cross Section Intervals 
Currently, cross sections are recorded by aerial surveys at 100’ or 

200’ intervals at mining sites and by field surveys at up to one mile 
interval s el sewhere. These interval s are adequate only for monitoring the 
volumes mined and those replaced by winter flooding at the mining sites. 
However, the amount of gravel buildup or scour at non-mining locations 
cannot be accurately determined by this system. To obtain an accurate 
representation of the overall river system and cumulative effects of mining 
on the Russian River, cross sections are needed at smaller intervals along 
unmined reaches. Cross sections taken every 1000‘ through unmined areas 
will yield enough data to monitor depth changes due to gravel buildup. It 
is important that the survey locations are the same from year to year 
whether or not a cross section is on or near a gravel bar. 

It is also important to include the full width of the watercourse in 
each set of cross section data points. This is necessary to perform 
hydraulic analysis of high flow situations, as well as to capture bank 
erosion on cross section plots. If the banks are not included, then no net 
volume change will be computed in a reach where bank erosion occurs. It 
should be noted here that this circumstance can still arise if bank erosion 
occurs entirely between two cross sections. The volume of undetected eroded 
material would not be significant, however. 

If the cross section spacing interval in mined reaches is increased 
from 100’ to 200’, the decrease in resolution may not be a major factor in 
the volume calculations. This is because the average length of a mined 
gravel bar is in excess of 600 feet, meaning the average bar would be 
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represented by at least four cross sections. This i s  sufficient to provide 
a close approximation of the bar area, keeping in mind that accurately 
measuring vertical elevations is more significant than the reduction in 
detail of horizontal bar dimensions. 

Some savings in data acquisition costs could be realized by increasing 
the cross section spacing interval. When aerial surveys are performed, 
there is a fixed minimum cost required for setup, airplane and pilot use, 
etc. There is also a variable cost associated with flying time, number of 
photos, and number of data points. The cost savings is reduced only 
marginally when the total number of cross sections is cut in half, however, 
due to the fixed costs. Figure 5.2 (HEC, 1987) shows the relationship 
between the number of cross sections recorded and the total cost. Included 
in this figure is data for "aerial photos--cross sections only" (triangle 
data points). The most important thing to note is the small difference in 
total cost for large range of sections taken. For example, if the number 
of 2000' wide cross sections is reduced by 50% from 80 to 40, the reduction 
in total cost is only 18 percent or $1540 ($8690 - $7150). 

The 200' cross section spacing interval can also be used at sites of 
potential future instream activity. As explained previously, this would 
provide baseline data for monitoring and analysis of the new site during the 
first season of operation. 

5.5 Additional Data Needs 
In addition to the need to make the entire present data set accessible 

by computer, several other items would enhance the usefulness of the 
Hydrology Monitoring Program. Permanent structures which affect the channel 
should be documented. For example, the present configuration of Healdsburg 
Dam and the various bridges crossing the Russian River can be obtained to 
enhance the accuracy o f  channel hydraulic models. Dams and bridges are 
important control points for channel stability because their locations are 
fixed, as are their bottom elevations in some cases. 

Thalweg elevation surveys are not needed for the program if the 
surveys are taken when the discharge is sufficiently low. Since only spot 
elevations are used in the volume calculations, contour maps are not needed. 
The largest data need identified during the study is the need for cross 
section data to extend from the top of one bank to the top of the opposite 
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LEGEND 

-> FIELD SURVEYS - 
CROSS SECTIONS ONLY 

AERIAL SURVEYS - 
CROSS SECTIONS ONLY - AERIAL SURVEYS - 
TOPOGRAPHY AND 
CROSS SECTIONS 1 

lJ SCALE: 1"=100'. 
CONTOUR INTERVAL = 2 '  

Figure 5.2 Cost information for field and aerial surveys on flat terrain 
with light C o v e r .  
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bank and for cross sections to be taken at the same location from year to 
year. 

5.6 Data Acauisition 
5.6.1 Current Method 
Presently, cross-section data is provided by the survey contractor to 

the Department of Planning in the form of handwritten logbooks. To be of 
analytical use, the data must be entered into computer files by Department 
personnel. This is an inefficient, time consuming process. Typically, this 
creates a situation where only the specific data needs of an individual task 
are transcribed, and the complete data set is never put on the computer. 
Efficiency could be increased by having the survey contractor provide data 
on a computer disk in a standard format to be specified by the Department 
of Planning. In this way, the complete data set could be quickly accessed, 
and individual data needs could be met easily. A complete data management 
system is described in Section 5.7. 

5.6.2 Computer Automation 
The technology is readily available to transfer data values directly 

from orthophotos to computer files. This process would significantly reduce 
the time required and the chance of a typing error compared to the existing 
data reduction method. 

5.7 Database Manaaement Svstem 
In order to make the best use of the survey data, it is necessary to 

have a system for maintaining, updating and analyzing the large amount of 
data being accumulated by the Hydrology Monitoring Program. Such a system 
would reduce data into a form from which Department of Planning personnel 
can make important planning decisions regarding gravel extraction. The 
following examples illustrate some of the tasks to be performed by 
system. 

the 

5.7.1 Entry o f  New Data 
Since each new set o f  biannual data will be provided on computer L i s k  

in the proper format, data entry will be automatic. Simply insert the disk 
into the computer disk drive and give the proper command. 
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5.7.2 Analysis o f  Data 

Data will be analyzed by one of a variety of programs, depending on 
the information sought by the user. Possible data output includes the 
following: 

1) Plotting of cross sections 
2) Plotting of river profile 
3) Computation of mining volume 
4) Computation of deposition/scour volume 
5) Computation and plotting of change in volume vs. distance 
6) Bank erosion estimation 

The most basic task would be to retrieve and plot cross sections. The 
user would give information including cross section location (or range o f  
locations) and year (or range of years), and the system would produce the 
plots. The river profile is also important for analysis. To obtain a 
profile plot, the user would input the range of river miles (or reach 
number) and the year or years desired, and the system would produce the 
plot . 

In addition to plotting capabilities, the database management system 
could compute volumes of mining and deposition or scour for user specified 
reaches and time periods. To do this, two cross sections taken at the same 
location are compared. To compute mining volume, the fall cross section is 
compared to that of the previous spring, with the difference in cross 
section areas being the result. When the same procedure is performed at 
other cross section locations within the mining area, the volume removed can 
be calculated. Similarly, the volume of deposition or scour resulting from 
flood flows can be calculated by comparing spring cross sections with those 
taken the previous fall at the same locations. 

If a reference channel datum is established for the river, then the 
volume of deposits available for mining can be calculated. This volume 
would represent the amount of gravel that is above the reference elevation 
and between the banks. This information would be useful for present sites 
and for evaluating new mining sites. When combined with other output from 
the database management system, planning decisions can be made and 
justified. 
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5.7.3 Users o f  System 
The database management system will be easy to use and well 

documented. Any member of the Department staff will be able to operate the 
system and generate the needed output. 

5.8 Recomnendat i ons 

the opposite bank. 

year. 

unmi ned areas. 

All cross sections must extend from the top of one bank to the top of 

Cross sections should be taken at the same locations from year to 

The cross sect ion  spacing interval should be reduced to 1000 feet in 

Flying height for photos and the cross section spacing interval of 100 
feet in mining areas is adequate. If necessary to reduce costs, either the 
flying height may be increased from 2000 to 3000 feet above the ground or 
the cross section spacing interval may be increased to 200 feet in mined 
areas .- 

The aerial survey contractor should be asked to provide future cross 
section data on computer disk in County-specified format. 

A database management system should be acquired to organize the 
Hydrology Monitoring Program data on a computer. Hardware required for such 
a system would include a personal computer with 640K memory and 20 megabyte 
hard disk. An 8087 math coprocessor and 11" x 17 I' plotter would also be 
necessary. 
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V I .  EVALUATION OF MINING POLICIES AND STANDARDS 
6.1 The Russian R ive r  Channel as an Aqqreqate Source 

P r e l i m i n a r i l y ,  t he  r e s u l t s  of t h i s  r e p o r t  i n d i c a t e  t h a t  t he  Russian 
R iver  can cont inue t o  be used as an aggregate source i f  c a r e f u l  management 
i s  cont inued. The surveyed volume data c o l l e c t e d  by Sonoma County i n d i c a t e  
t h a t ,  i n  most cases, mined grave l  bars were rep len ished a f t e r  a s u f f i c i e n t  
hydro log ic  event (see F igs  F . l  through F.28). Comparison o f  t h e  repor ted  
min ing t o t a l s  w i t h  the  computat ional  est imates i n d i c a t e s  t h a t  t he  average 
annual min ing t h a t  occurred over the  study pe r iod  i s  comparable t o  the  
expected l ong  term average annual depos i t i on  amounts. Continued min ing o f  
aggregate, there fore ,  i s  genera l l y  a l lowab le  i f  amounts ex t rac ted  annual ly  
do n o t  increase g r e a t l y .  

6.2 Desiqnated Resource Areas 
Dur ing t h e  s tudy p e r i o d  1981 through 1986, inst ream min ing occurred 

i n  almost every m i l e  o f  the  Alexander Va l l ey  Reach and i n  m i l e s  28 through 
32 o f  the  Middle Reach (see Table 2 .2) .  These areas are  designated as 
managed minera l  resource areas. The r e s u l t s  o f  t h i s  s tudy i n d i c a t e  the re  
need n o t  be a decrease i n  t h e  amount o f  l and  area designated as minera l  
resource. There should, however, be cont inued management based upon the  
r e s u l t s  o f  t h e  hydro logy program. 

The t o t a l  amounts be ing mined from the  Alexander Va l l ey  reach are  no t  
considered excessive, b u t  t h e  concent ra t ion  o f  these min ing e f f o r t s  w i t h i n  
c e r t a i n  areas may be c o n t r i b u t i n g  t o  t h e  downcutt ing o f  t h e  main f l o w  
channel throughout t h i s  reach. A more even d i s t r i b u t i o n  o f  t h e  f u t u r e  
min ing  throughout  t h e  Alexander Va l l ey  reach, o r  r o t a t i o n  o f  min ing  areas 
f rom year  t o  year,  may be adv isab le  

6.3 Minina Ooe r a t i o n  Standards 
6.3.1 Depth o f  Excavat ion 
The c u r r e n t  ins t ream min ing opera t ion  standards s t a t e  t h a t  g rave l  bar  

skimming can take  p lace  t o  a depth t h a t  does n o t  go below t h e  l i n e  t h a t  
connects t h e  low f l o w  water  sur face  e l e v a t i o n  and t o p  o f  t h e  channel bank. 

The main d i f f i c u l t y  w i t h  t h i s  method i s  t h a t  a s l i g h t  change i n  t h e  low f l o w  
water sur face  e l e v a t i o n  may cause a l a r g e  change i n  t h e  amount o f  ma te r ia l  
mined. Dur ing  p a r t i c u l a r l y  wet years, o r  i f  t h e  low f l o w  channel i s  
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aggrading, t he  low f l o w  e l e v a t i o n  w i l l  be p rog ress i ve l y  r i s e ,  r e s u l t i n g  i n  

a h igher  e l e v a t i o n  as a min ing bas is .  Conversely, if an extended drought 
occurs, o r  t he  low f l o w  channel i s  degrading, the  water sur face e leva t i on  
w i l l  be reduced, which w i l l  permi t  excavat ion t o  g rea te r  depths. An 
a d d i t i o n a l  problem w i t h  t h i s  method i s  t h a t  t he  low f l o w  e l e v a t i o n  v a r i e s  
w i t h  the  amount o f  d ischarge re leased from upstream, which, as shown i n  
Table 4.4, i s  n o t  constant .  

An a l t e r n a t i v e  method would be t o  e s t a b l i s h  an ac tua l  e l e v a t i o n  a t  
each p o i n t  a long t h e  r i v e r  below which min ing should n o t  t ake  p lace.  T h i s  
e l e v a t i o n  cou ld  be t h e  average base f l o w  e l e v a t i o n  o r  something s i m i l a r .  
There a re  two problems w i t h  t h i s  method, however. F i r s t ,  i t  i s  d i f f i c u l t  
t o  determine an absolute e l e v a t i o n  a t  f requent  enough i n t e r v a l s  t o  be used 
i n  p r a c t i c e .  Second, i t  i s  d i f f i c u l t  t o  implement such an e l e v a t i o n  a t  a 
p a r t i c u l a r  min ing s i t e .  

6.3.2 S p e c i f i e d  Volume L i m i t s  
The average annual sediment depos i t i on  descr ibed i n  Sect ion 4.4 can 

be used as an es t imate  of t he  annual ' 'safe y i e l d "  of sediment f rom t h e  
Alexander V a l l e y  and middle reaches o f  t he  Russian R iver .  The long  term 
average annual y i e l d  i s  est imated t o  be 682,000 tons f rom t h e  Alexander 
V a l l e y  Reach and 284,000 tons from t h e  Middle Reach. Under a ' 'safe y i e l d "  

p lan ,  t h i s  amount o f  excavat ion cou ld  be a l lowed every year .  However, 
d u r i n g  extended droughts,  y e a r l y  mining o f  t h i s  amount cou ld  r e s u l t  i n  
s i g n i f i c a n t  l ower ing  o f  t h e  r i v e r  bed. Conversely, severa l  years o f  over -  
average r u n o f f  cou ld  choke t h e  r i v e r  bed w i t h  aggradat ion,  and increase t h e  
l i k e l i h o o d  o f  l a t e r a l  m ig ra t i on .  I t  i s  c l e a r  t h a t  a more f l e x i b l e  min ing 
al lowance g u i d e l i n e  i s  des i rab le .  

To ma in ta in  a no-net-change c o n d i t i o n  w i t h i n  a g i ven  min ing area, t he  
volume o f  m a t e r i a l  mined each summer must be complete ly  rep len ished i n  the  
f o l l o w i n g  w i n t e r .  The min ing opera t ion  p lan  cou ld  be begun by a l l ow ing  
length-we igh ted  p o r t i o n s  of t h e  above "sa fe  y i e l d "  amounts t o  be ex t rac ted  
f rom each mining s i t e  i n  t h e  f i r s t  summer of p l a n  a p p l i c a t i o n .  The ac tua l  
volume o f  mined m a t e r i a l  cou ld  be v e r i f i e d  w i t h  t h e  procedure o u t l i n e d  i n  
t h i s  r e p o r t :  comparison o f  successive seasonal surveys. The ac tua l  amount 
o f  rep len ishment  t h a t  occurred i n  t h e  f o l l o w i n g  season cou ld  be determined 
i n  t h e  same way. The amount t o  be mined i n  t h e  f o l l o w i n g  summer would then 
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be defined as the amount of replenishment that occurred in the previous 
winter. Thus, following seasons of drought, minimal mining would be 
allowed. After winters of major storms, the mining allowance could be 
increased. In this way, near equilibrium performance of the river would be 
ensured. 

6.3.3 Channelization Versus Skinning 
The current County standards allow skimming o f  gravel bars in 

designated areas, at elevations above the low water level. The decision to 
continue with this form of mining standard, or to change the standard and 
allow channelization mining, depends on the desired objectives for 
management of the river. If the objective is to maintain the river in its 
natural state, the skimming standard is most appropriate. If, however, the 
desired objective is a more efficient channel with defined course and a 
defined level of flood control effectiveness, then channelization mining 
will be one means of achieving this objective. However, the channelization 
mining must follow some overall plan for the river configuration, which must 
consider the entire river system. Channelization in local areas, without 
consideration of the upstream sediment loading and downstream sediment 
requirements, could have dramatic impacts on other areas in the river. A 
system-wide plan and analysis would be required to change the current mining 
standard to allow channelization. 

6.3.4 Oversize Gravel Use 
Oversize gravel may be used to improve bank stability along valuable 

properties along the river. However, as discussed in Section 4.5.4 of this 
report, the natural state o f  the Alexander Valley Reach i s  to be somewhat 
unstable, and occasionally shift its main channel location. A protected 
bank can divert flood flows cross-channel, and increase erosion at alternate 
locations. Thus, local protection of banks with oversize gravel will aid 
in local bank stabilization, but can result in merely shifting the area of 
inpact to some downstream unprotected bank. Full protection of the river 
banks, or changing the natural regime of the river through a system-wide 
channelization plan are the safest means of control1 ing bank erosion. 
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6.3.5 Setbacks and Final Slopes 
Current standards allow skimming o f  gravel bars above a line which 

connects the outer bank vegetation elevation to the point at water level 
along the low flow channel, as long as the slope of this line is not less 
than 2%. A setback from the outer bank occurs only when the width of the 
gravel bar is of such extent that the 2% line from the low point daylights 
prior to the vegetation line. 

There are no hard and fast rules for determining whether this standard 
is too rigid or lenient. It is recommended that the monitoring program be 
used to determine, on a location-by-location basis, the allowable removal 
quantities. In areas where deposits are affecting channel stability, the 
setback and final slope standard may be relaxed somewhat to gain flood 
control capacity and lessen bank loss. In areas where downcutting is 
occurring, stricter rules may be advisable, such as setbacks from the 
water’s edge or steeper slopes. 

6.4 Sediment Diversion for Terrace Pit Reclamation 
The work plan for this study requires some discussion of the potential 

in the Middle Reach for bedload materials to aggrade sufficiently to 
increase the rate of terrace pit reclamation by river diversion. A s  
discussed in Section 4.3.3 of this report, the survey data available for 
evaluation of the Middle Reach changes are limited. However, a general * 

lowering of the low point elevations was evident within this reach, at least 
up to 1985, whereas the overall channel sections appeared to be relatively 
stable or agrading. The sediment transport computations indicate that the 
sediment deposited within this reach over the study period far exceeded the 
reported mining amounts. It is possible that the gravel bars are agrading 
during the major flood events and that the low flow channel is degrading 
during the more frequent low flow periods. Another possibility i s  that the 
fluctuations in the discharge within the main flow channel provide survey 
results which are not indicative of thalweg changes. 

Since the Middle Reach appears to be agrading, it is likely that, with 
limited in-stream mining, the channel thalweg will rise and increase the 
potential for terrace pit reclamation through diversion of wash load. There 
are some points to consider regarding the diversion o f  main channel flows, 
however. 
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Sediment in transport is typically divided into two major classes: 
bed material load and wash load. The bed material load consists of material 
which is found within the channel bed. The wash load is defined as the 
generally finer material which is not found in appreciable quantities in the 
bed, and is typically supplied from watershed rather than from channel bed 
erosion. The wash load concentration can have some effect on the bed 
material transport capacity of flood flows, although this effect is often 
ignored. High wash load concentrations act to make the flowing fluid more 
viscous, and more capable of transporting the coarser (bed material) sizes. 

The bed material load is subdivided into two classes, corresponding 
to the mode of transport: the bed load and the suspended bed material load. 
The suspended bed material load is carried in suspension, while the bed load 
moves along the channel bottom within the active bed layer. Thus, not all 
of the sediment suspended in flood flows is wash load; the suspended load 
is composed of suspended bed material as well. 

Most wash load is so fine that it remains in suspension as long as the 
water is flowing. Settlement within the terrace pits may therefore not 
occur in appreciable quantities unless the diverted flow velocities are 
reduced to near zero. When the water within the pit becomes relatively 
still, the wash load will settle to the bottom. Assuming a relatively high 
concentration of wash load, for instance 20,000 ppm, each foot of water 
depth would produce 0.013 feet of deposition per flood event. Thus, the 
filling rates could be very slow. 

The diversion of wash load to fill the terrace pits is not expected 
to have a notable effect downstream, unless the amount of water diverted 
with the wash load significantly affects the main channel discharge 
downstream of the diversion area, and/or if significant amounts of bed 
material load i s  also diverted, and clear water flows are allowed to reenter 
the main channel downstream of the terrace pits. Abrupt changes in the main 
channel discharge would affect the main channel hydraulics and bed material 
sediment transport characteristics. Diversion and settlement of bed 
material load, with subsequent release of clear water flows, could have an 
effect on the sediment balance within the immediately downstream reaches. 
(Clear water, or non-sediment laden flow, is often termed "hungry water," 
in reference to its tendency to pick up bed and bank material in order to 
achieve its sediment transport capacity.) 
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In a reach where aggradation i s  currently a problem, the unintentional 
but potential effects o f  wash load diversion (i.e. diversion and settlement 
of bed material) could enhance the local channel stability, by providing an 
area for excess sediment to deposit. However, in reaches where the sediment 
loading and transport capacity are in balance, diversion can upset this 
dynamic equilibrium, and result in local degradation. 

The diversion and collection o f  wash load materials i s  feasible, but 
careful design and monitoring are recommended to ensure desirable 
functioning. 
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VII. CONCLUSIONS 
The f o l l o w i n g  conclusions have been drawn as a r e s u l t  o f  t h i s  study: 

1. I n  general ,  t h e  Middle Reach stream channel remained f a i r l y  s tab le  
d u r i n g  t h e  study pe r iod  which inc luded two major f loods  (1983 and 
1986). S l i g h t  lower ing  o f  t he  channel bottom was ev ident  along 
subreaches 1 and 2, which may be due i n  p a r t  t o  the  presence of 
Healdsburg Dam. 

2. A l l  major bank eros ion  was conf ined t o  the  Alexander Va l l ey  Reach 
e s p e c i a l l y  between r i v e r  m i les  53 t o  57 and between 46 t o  51. 

Bank eros ion  was t y p i c a l l y  concentrated along t h e  ou ts ide  bends 
o f  t he  meandering low f l o w  channel and/or along the  down-slope 
pa th  o f  t h e  t r a n s l a t i n g  meander loops. 

3 .  Gravel bar  m i g r a t i o n  (meander loop t r a n s l a t i o n )  ma in ly  occurred 
w i t h i n  subreaches 6 through 9. Rate o f  t r a v e l  was observed t o  be 
approx imate ly  280 f e e t  per  year .  I n  prev ious s tud ies ,  r a t e s  as 
h igh  as 375 f e e t  per  year  had been observed. 

4. The average low p o i n t  e l e v a t i o n  o f  t h e  survey da ta  decreased by 

1 t o  2 f e e t  f rom sp r ing  1982 t o  sp r ing  1986 i n  subreaches 5 ,  6, 
8 and 11. 

5.  Subreaches 5,6  and 11 a lso  i n d i c a t e d  a n e t  l o s s  i n  volume o f  
60,000, 70,000 and 100,000 cub ic  yards, r e s p e c t i v e l y .  Subreaches 
7 and 8 i n d i c a t e d  a n e t  increase i n  volume o f  100,000 and 90,000 
cub ic  yards,  r e s p e c t i v e l y .  These volumes cover o n l y  t h e  p o r t i o n  
o f  t h e  subreach where a c t i v e  min ing  occurred. It i s  l i k e l y  (see 
conc lus ion  #6) t h a t  a n e t  increase i n  volume occurred i n  t h e  
unmined p o r t i o n s  o f  each subreach d u r i n g  t h e  s tudy per iod .  

6. Using sediment t r a n s p o r t  computations t o  r e c o n s t r u c t  t h e  
h i s t o r i c a l  sediment t r a n s p o r t  through t h e  s tudy reaches, i t  was 
est imated t h a t  an average o f  almost 1.2 m i l l i o n  tons  per  year  were 
deposi ted i n  t h e  Alexander Va l l ey  Reach, and an average o f  0.5  
m i l l i o n  tons  per  year  were deposi ted i n  t h e  Midd le  Reach d u r i n g  
t h e  s tudy per iod .  These est imates represent  m a t e r i a l  deposi ted 
throughout  the e n t i r e  l e n g t h  o f  a l l  subreaches (surveyed as w e l l  
as unsurveyed p o r t i o n s ) ,  and thus a re  g r e a t e r  than t h e  amounts of  
l o c a l  d e p o s i t i o n  computed through comparison o f  c ross -sec t i ona l  

These reaches a1 so happen t o  have been mined. 
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data.  Min ing estimates were about 300,000 tons per  year  i n  the 
Middle Reach and 740,000 tons per year  f o r  t h e  Alexander Va l ley  
Reach. 

7. Gravel bar  replenishment was observed t o  be on-going throughout 
t h e  study per iod .  However, n e t  degradation o f  subreaches 5, 6 and 
11 was noted. Although the  t o t a l  amount o f  min ing t h a t  occurred 
du r ing  t h e  study pe r iod  i n  the  Alexander Va l l ey  Reach and Middle 
Reach i s  o f  reasonable magnitude, t h e  concent ra t ion  o f  t h e  min ing 
e f f o r t s  i n  s p e c i f i c  l o c a t i o n s  may have r e s u l t e d  i n  a general 
lower ing  o f  t h e  channel p r o f i l e .  

8. Between fall 1981 and fall 1985, t h e  e n t i r e  Alexander Valley Reach 
accumulated a ne t  increase o f  561,000 cubic  yards o f  ma te r ia l ,  
based on t h e o r e t i c a l  i n f l ows  and ou t f lows o f  sediment and repor ted  
min ing amounts. However, w i t h i n  t h e  area o f  survey coverage, a 
n e t  l o s s  o f  1,022,000 cubic  yards was estimated f o r  t h e  same 
per iod .  Over t h e  f a l l  1981 t o  f a l l  1986 per iod,  which inc ludes  
t h e  1986 f lood ,  t he  n e t  increase i n  t h e  e n t i r e  reach was est imated 
a t  1,471,000 cubic  yards, w h i l e  t h e  surveyed l o s s  w i t h i n  t h e  
min ing  areas decreased t o  728,000 cubic  yards. The sp r ing  1982 
t o  s p r i n g  1986 p e r i o d  e x h i b i t e d  a n e t  a d d i t i o n  o f  1,326,000 cub ic  
yards o f  ma te r ia l  w i t h i n  t h e  e n t i r e  reach, w i t h  a ne t  l o s s  o f  
82,000 cubic  yards w i t h i n  t h e  min ing area. Thus, t h e  changes 
which occurred w i t h i n  t h e  Alexander Va l l ey  Reach vary w i t h  t h e  
p e r i o d  o f  record  analyzed, as w e l l  as w i t h  t h e  area under 
cons ide ra t i on  ( i . e .  e n t i r e  reach 'vs. min ing area). 

9. Very l i t t l e  replenishment occurred f o r  small  f l o o d s  as i n  1984- 
1985 (peak d ischarge 13,000 c f s ) .  A l a r g e  f l o o d  such as i n  1985- 
1986 (peak d ischarge 70,000 c f s )  can make up f o r  severa l  years o f  
bel ow average depos i ts  . 
The Middle Reach d i d  no t  e x h i b i t  s i g n i f i c a n t  bank eros ion  d u r i n g  
t h e  study pe r iod  (3 acres). Approximately 147 acres o f  bank 
e ros ion  occurred i n  t h e  Alexander Va l l ey  reach throughout t h e  
study p e r i o d  (132 acres o f  bank eros ion  d u r i n g  major storms, and 
15 acres d u r i n g  o the r  l e s s  s i g n i f i c a n t  f l o w  per iods) .  Bank l o s s  
was most p reva len t  i n  subreach 9 (a l i t t l e - m i n e d  subreach). About 
one -ha l f  o f  t h e  t o t a l  bank l o s s  occurred near min ing  areas. The 
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other half was fairly remote from mining sites. There were at 
least two instances of major bank erosion occurring both upstream 
and downstream o f  a new mining site. These were near river miles 
47 and 62.7 during the 1986 flood. The mining had started in the 
spring o f  1985 and continued through the spring of 1986 at the 
same location. There was very little replenishment of gravel 
deposits during the 1985 flood between the two mining periods. 
The hydrology monitoring program should be continued. It is the 
most accurate way to assess the amount of replenishment from a 
flood on a reach-by-reach basis. Some recommendations for this 
program include: All cross sections should extend from the top 
of one bank to the top of the opposite bank instead of covering 
just part of the channel. Cross sections should be taken at the 
same locations from year to year for comparison purposes. The 
cross section spacing interval should be reduced to 1000 feet in 
unmined areas. The flying height of 2,000 feet and the cross 
section spacing interval of 100 feet in mining areas is adequate. 
If necessary, to reduce costs, either the flying height may be 
increased to 3,000 feet above ground or the cross section spacing 
interval for mined areas could be increased to 200 feet. 
In order to make the monitoring program data more automated and 
easily accessible, the following is recommended: The aerial 
survey contractor should be asked to provide future cross section 
data on computer disk in County-specified format. A database 
management system should be acquired to organize the Hydrology 
Monitoring Program data on a computer. Hardware required for such 
a system would include a personal computer with 640K memory and 
20 megabyte hard disk. An 8087 math coprocessor and 11" x 17" 
plotter would also be necessary. 
It is likely that, with limited mining, aggradation will continue 
within the Middle Reach, increasing the potential for the terrace 
pit reclamation by river diversion. Terrace pit reclamation by 
diversion of wash load was determined to be feasible, but proper 
design of the diversion facilities is required to avoid adverse 
impacts within the main channel. Significant alteration of the 
discharge along the main channel and/or diversion and settlement 
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of bed material sediment could affect the sediment transport 
trends downstream of the diversion. This affect could be 
beneficial if controlled, and if the diversion is located in 
subreaches which currently exhibit an overabundance o f  sediment 
supply, but could be detrimental if located within subreaches 
currently in an equilibrium state. 
The mining standards and policies were determined to be generally 
sufficient as they exist, however diligent monitoring i s  
recommended. I f  a no-net-change condition within each subreach 
o f  the river i s  the goal, actual volumes o f  allowable mining 
should be determined from a comparison o f  cross-section survey 
data before and after the flood season. 

15. The designated mineral resource areas need not be decreased in 
size. However, a more even distribution of mining throughout the 
Alexander Valley Reach or rotation of mining areas from year to 
year may be advisable. 
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