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Background

Storedahl Property L.L.C. owns and J.L. Storedahl & sons, Inc. (Storedahl) opemtes a gtavel

processing plant in ru(rI clark county, washinglon, near the East Fork Lewis River (EFLR).

This site is known as the Daybreak Mine. The existing structural setting for the Daybreak Mine

dates from 1968 and possibly earlier. In April 2004 Storedahl completed a multi-species Habitat

Conservation Plan (HCP) covering the (then) proposed expansion of Daybreak Gravel Mine and

its existing operations. The plan was desigrred to ameliorate potential effects ofriver channel

shiff into the gravel mining pits and ponds. Conservation Measures (CMs) were established in

the HCp to contribute to regional conservation efforts to protect the local species and their

habitats. In particular, cM-10 is the "study of the Ridgefield Pits and East Fork Lewis Nver", it

reads as follows , '
"A study will be initiated to investigate water temperatue, DO, fish use, and

geomorphology associated with the nearby Ridgefield Pits toi

o assess the influence ofpools on fish habitat and fish use;

o assess the influence ofpools on EFLR water temperatures and DO;

. assess pool volume, channel shape, and sediment infill rates; and

o provide information to refine the contingency plan to minimize negative effects of
potential future a!'ulsions into the Daybreak site."

This Technical Memorandum (TM) describes the results of fish sampling surveys completed by

R2 Resource Consultants, Inc. (R2) ofthe Ridgefield Pits during summer 2013. R2 performed

the following activities as outlined in CM-10 in the HCP (Sweet et al.2004):

o fish habitat swveys of the East Fork Lewis River between RM 6 and RM 13;

o obsen,ations of fish use in the E. Fk. Lewis fuver between RM 6 and RM l3;
o and monitoring of temperature and DO in the awlsed reach.
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EXISTING CONDITIONS

Historically, the East Fork Lewis River (EFLR) has been an actively migrating charurel. [n 1996,

the channel migrated into pits formed by previous gravel mining operations on the west bank of

the river across from the Daybreak Mine operations. This charurel awlsion took place in the

area termed the Ridgefield Pits (Pits) (Figure 1). Over the following decades, the Pits have been

disconnected and reconnected to the mainstem river several times depending on channel location

and river flow level. As of summer 2013, Pits 6 thorough 9 did not have an inlet connection to

the main channel at lower flow levels (Figure 2). Pits 7 andg were connected through an outlet

channel in Pit 7. Pits 6 and 9 were isolated from the mainstem at the time of the survey.

However, Pit t had a small outlet channel that flowed into Pit 8.
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Figure l. Map of the Daybreak Mine site and Ridgefield Pits near La Center, Washington.
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Figure 2. August 2012 a,'rial photo of the Ridgefield Pits with original Ridgefield Pit locations

numbered according to tlr; HCP (Sweet et. a12004), EFLR, Washinglon.

The mainstem EFLR supports five anadromous salmonid fish species, including: Chinook

(Oncorhynchus rshawytscha), coho (O. kisutch) and chum (O. keta) salmon; steelhead (O'

mykiss) atd sea-run cutthtoat trout (O. clarkii). Bull trout are also present in the Lewis River,

but are not believed to be present in the EFLR (Sweet et al. 2004). Several ofthese species are

currently federally protected under the Endangered Species Act (Table l).
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Table 1. List and status of salmonid species protected under the Endangered Species Act in the

East Fork Lewis River, Washington.

Latin Name Federal Status

Steelhead (Rainbow trout)

Bull trout

Chum salmon

Chinook saimon

Coho salmon

Oncorhynchus mykiss

Salvelinus confluentus

Oncorhynchus keta

Oncorhynchus t shawyt s c ha

Oncorhynchus kisutch

Threatened

Threatened

Threatened

Threatened

Threatened

Previous fish surveys in the nearby avulsed channel regions indicated a variety of native fish

present that included rainbow tr o\t (Oncorhynchus mykiss), northem pikemimow (Ptychocheilus

oregonensis),largescale sucker (CdroJro mus macrocheih.rs), sculpin, threespine stickleback

(Gasterosteus aculeatus), and four non-native species, which included largemouth bass

(Micropterus salmoides), black crappie (Po moxis nigromaculatus), bluegill (Lepomis

macrochirus), and brown bullhead (Ameiurus nebulosus\ (R2 Resource Consultants unpublished

data).

METHODS

An initial site reconnaissance was made to the Ridgefield Pits on May 23,2011. A

comprehensive site visit was made over the two day period extending from July 30 to July 31,

2013. Sampling for both trips included minnow trap and snorkeling surveys. ln addition, water

quality profile measurements including temperature, dissolved oxygen and pH, were taken

within each area sampled. A visual approximation was made as to the level of connectivity of

each ofthe Pits to the mainstem EFLR. Representative site and fish photographs are included in

the attached appendices.

Minnow Traps

Gee-type miru:ow traps were set in the Ridgefield Pits in order to document fish presence in the

Pits and nearby mainstem EFLR. The traps were distributed throughout all of the Pit areas and

along the adjacent mainstem channel. The traps were constructed of 1/4" (6.4 mm) square

galvanized wire mesh. They measured 16 inches (42 cm) long and 9 inches (23 cm) wide with a

1 inch (25 mm) enhance hole. These traps were generally set in water depths ranging from 1.0
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to 4.0 ft. The traps were baited with a commercial salmon egg mixture prior to deployment.

Trap locations were marked with GPS. The traps were left to soak several hours or overnight,

and checked the following day. Three minnow traps (A-C) were set on 23 May on the east side

of the EFLR (Figure 3).

Figure 3. Pit nr' 'riber (yellow) and location o{'initial minnow trap deployments (red star) 23

May,20l3, E. I ':. Lewis River, Washington.

Twenty-three r rnow traps u'ere set in July, 2013. The majority of the traps were located in Pit

6, the largest is rted Pit and along the adjaccnt mainstem (Figure 4).
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Figure 4. Mil rr'' tt'aP lot'.ttirttts in the I'll r',

Washington.

Snorkel Sur,

Pits8and9t,.
were conduct,

surveys were

direclon.Vi

' I Pits, July 2013, E. Fk. Lewis River,

' r ,rkeled in May 2 13. Visual snorkel surveys

t' rr djsssntmainster i areas inJuly2013. Snorkel

;, observer moving, generally in an upstream



R2 Resource Consultanls. Inc.

1937.01

September 2013

Page 7

Fish Handliug

After capture, all llsh were placed into a darkened recovery unit (live car) until they were

processed in groups. Fish r.vere removed frorn the live car and placed in an anesthetic bath with

tricaine meth rnesrr lfonat,: {70 mgll), identified to species and measued to the nearest mm total

length. Fish u,ere then allowed to recover in fresh water and released within the same survey site

area in which they were cirptured. No immediate injuries or mortalities of fish were observed.

Water quality

Water quality pararneters including temperature, pH and dissolved oxygen were measwed with a

calibrated Hydrolab Quanta backpack style water quality meter. Measurements were taken in

conjunction rvith tlo milrrrirv trap sets. Measurernents werc generally taken at the surface, mid

water column and near tlre bottom of each samplo location,

RESULTS

Minnow Trap

No fish were capturcd dLrri:rg minnow tlrpping (n=3 traps) activities at the initial site

reconnaissance in N1ay, l lii.

Twenty-three minnow lraps were deployed and recovered in July 2013, capturing a total of 115

fish (Figure 4; Table 1). Five species were captured in the minnow traps: banded killifish

(Fundulus diaphanoas), lalgemouth bass (Mitopterus salmoides),N. pikeminnow

(Ptychocheiltt.s oregonensir), threespine stickleback (Gasterosteus aculeatzs) and misc. sculpin

species (Table l). 1 lrrr:, rre sticklebacl: wc.(: rlle most numerous species captured (n-39)

followed by jrrvenilc lai, ,routh bass (rr=33). All of the traps with the exception oftap #11

capturedatleastoncfish.'lrap#12inthemailstemEFLRcapturedthemostfish(n:18),
predominantly sculpin spccies. The dominant sculpin species captured was the slimy sculpin

(Cottus cognutus), however not all sculpins wele identified to species level. Four banded

killifish were capturcd in l'iL 6 in trap #8. 1'his trap was set in the shallow weedy area favored by

killifish (Wyrloski a:rl ',' rney 2003).
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Table 1. Number of fish captured in each minnow trap during July 2013 sampling in the

Ridgefield Pits and EFLR, Washington.

Pond Trap Kiltifish Largemouth Northern
# # Ilass Piki:urinnow

Sculpin Threespine
StlcHeback rdo′

6

6

6

6

1

2

3

4

1

3

2

3

5

1

2

3

2

,

5

2

1

7

5

θ

θ

13        3       Jθ

1               6

3        5       θ
2      2

1                              ′

7        7

4       イ
2        9

3       5
5       12     17
4                イ

f

26       ,9      115

6     5

6    6
6    7
6    8
6    9
6    10

6    11

MS   12
MS    13

MS   14
MS   15
MS   16
5    17

5    18

7    19

8    20

3   21
2    22

6    23

物 rrI′

MS=mainstcm

3

5

3

J′イ

1

1'

Fish captured in the minnow traps ranged in length from I 5 to l03mm in length (Table 2). The

largest fish captured was a N. pikeminnow, the smallest were threespine stickleback (Table 2).
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Table 2. Minimum, average and maximum length of fish captured in minnow traps, Ridgefield

Pits and EFLR, Washinglon.

Ⅳ【in  Ave  ルlox
Killifish

Largemouth bass

N. pikeminnow
Sculpin sp.

Threespine stickleback

75.3    80

376    51

66.8    103

625    78

38.2    75

72

30

50

20

15

Snorkeling

During the May 2013 sampling, for.rr large mouth bass were observed during the snorkel survey

of Pit 9, ranging from 100 to 300 mm in length. No other fish species were observed in May.

Visibility was approximately 3-4 fcct in Pits 8 and 9.

All nine Pit areas were snorkeled in July, 2013. The results of the surveys are provided for each

Pit area in the description below.

Pit 1

This pit has become part ofthe mairrstcnr rivcr in a wide braided gravel bar floodplain area. This

section ofthc study area had defiucJ rifi'le habitat and overall contained less warm water species

than areas downsteam. One juvenile Chinook salmon (O. tshawytscha) was observed holding in

a mainstem rillle.

Pit2
Pit 2 is part ofa large off-channel area uith pooled water. The channel is fed by groundwater

inflow and di,l not have a defined i',1.t cl)'rnncl at the time of the summer low flow survey. This

pit had a deep shaded pool along 11," sor,lh brnk that contained an estimated 500 yearling coho

80-100mm in length. Many juvenile minfs11, 11611 1p. mykiss) and stickleback were also

observed, but l\e large quantities of minnows present in other downstream pits were noticeably

absent. There is a woody debris jam at the outlet to the side charrnel.

Pit 3

Pit 3 is simillr to Pit 2 in that it is a latsc offchannel meander. The deepest area ofthis pit is
adjacent to the mainstem at the uf irlream i-'nd :,nd contained several !arge adult suckers,



R2Rcsource Consultants,Inc

1937.01

September 2013

Page 10

whitefish, and pikemirurow. There was a sizeable woody debris jam at the outlet to the side

channel.

Pit 4

Pit 4 was a dce p, wide slow area 01'tlie mainstcrn river. No fish were observed in this area.

Pir 5

Pit 5 is a largc l,iCe slough with a rvirle shallorv connection to the mainstem river. This slough

had a fish assemblage similar to the mainstem along Pit 6, including clouds of minnow species,

sculpin, dace, threespine and sucker. One mosquitofish (Gambusia afJinis) was observed during

the snorkel survey. This slough contained dense aquatic vegetation, particularly in the center of
the slough.

Pit 6
Pit 6 was one oltwo pits (also pit Q) complrtelv isolated from the m ainstem channel at summer

low flow. Hos,c.ver, only a coupl. l'cet of elcvation separated this pit liom the mainstem river.

This pit had a nrixed warm water species composition dominated by largemouth bass.

Amphibian eggs were present on alnrost every piece of wetted woody debris in this pond.

The left bank mainstem along Pit 6 rvas a slow moving run containing a large assemblage of
many fish species. The left bank is a gentle slope with thick aquatic vegetation and silty

substrate, The most numerous fish l,ere clotrds ofthousands ofminnow species under 30 mm

including sur:trrcl and pikeminnos' 1) v; sculpirr, dace, stickleback an,i bass were also present in

large quantities. No juvenile salmonids were observed in this area. The right bank mainstem

channel was faster flowing, with a nrore gravel/cobble substrate.

PitT
Pit 7 was a shallow pond with lou,visibility and contained a large amount of aquatic vegetation.

No fish were ohserved.

Pit 8
Pit 8 was a nc ri'lv isolated pond ."r,ith a slight connection downstream to Pit 7 and upstream to Pit

9. Habitat conditions in Pit 8 were srmilar to I'it 7 with a large amount of aquatic vegetation and

low visibility. rlne largemouth ba":r (200nrrrr) rvas the only fish observed.
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Pit 9
Pit 9 was one of the two pits (also I'it 6) that r.vere completely isolated from the mainstem

channel at the time of the summer survey. Pit t had a small downstream connection flowing

directly into Pit 8. Several adult largemouth bass, bluegill (Lepomis macrochirus) and suckers

were observed in this pit. The water was clcarer in this pit than in Pits 7 and 8.

Water Quality
Water quality measurements including temperature, conductivity, dissolved oxygen and pH were

taken in Pits 6 though 9 (Table 3). In additit,,,, water visibility was measured with a secchi disk.

Table 3. Water quality paramete t:; nteasurcil li the Ridgefield Pits and the EFLR, July 2013.

Dcpth 'l'curp Cond. DU PH Secchi

Location ms/L

Pit 6

Mainstem at I'it 5 outlet

Pit 5

Mainstem at Pit 6

05      22.9

1 5      '28

6.13    7.66

243     7.65

122    7.65

902    8.07
9.41     8.14

1109    8.23

8.43    7.79

7.73     779

8.56    7.79

8.10    7.65

836    7.72

8.47    7.69

6.73     7.50

363     7.53

209    7.51

10.66    7.54

9.19    7.44

9.85    7.40

8.61    7.46

8.61    745

848    746
8 15    7.45

850    7.40

5.0

55

60

5.0

35

50

6.0

Pit 7

I)it 8

Pit 9

10      ??4    0057

0.056

0.550

0056
0056
0.056

05     186
07      184
1 3        183

05       19.9

10     19.4

20     18.9
05     19.9
1()    11'1

20       190

05     21 1

0055
0055
0.055

0055

0.056

0055
0.063

0.057

0058
0059

`｀

3      11(11     0.059

1 5      174     0095

0043

0043
0.044

()5     200
10     1り 6

,()   11'1
(15

10
20      11:7

30    1)7
45    1,16

1  7     0056

187     0.056
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coNcLUsloNs
The fish species assemblage oftho EFLR has been affected by the arulsion ofthe river into the

Ridgefield Pits. Currently, the mrinstem rivc| adjacent to Pits 5 and 6 contains a greater mmber

of warm watcr species than other irreas ofthc mainstem upstream and downstream of the Pit 5

and 6 area. At times when the pits, particulrrlly Pit 6, have a direct connection to the mainstem

river it is likely fish move or are llushed out into the mainstem margin. These fish may remain

and rear in this area. The mainstem margin adjacent to Pit 6 contains fine substrate material and

healry aquatic ve getation.

Pit 6 had higher water temperatur! , and low,ir l dissolved oxygen levels than the adjacent

mainstem. Outilow from this pit at higher rir r:r level may in{luence water quality conditions of

the mainstem channel. This pit cr,:'rently pr,, ides good rearing habitat for several warm water

species, but is not suitable for mo,,t salmoniti..

The upstream pirs, 1-4, have becorle part of the mainstem channel, and contain residual deep

holes and backwater areas that providejuvenile fish rearing habitat but has also increased

predation opnofiunity, particularl . by large r, lult pikeminnow. These upstream areas are less

utilized by juverrile warm water sr,,rcies than i reas downstream near Pit 6, and contain more

salmonid spccic.,. Habitat in this . ction ol'i .: river is a riffle pool sequence with min€ral

(gravel or cobble) substrates.

Pits 7, 8 and 9 are off channel por:. is that do |ot currently appear to be contributing fish

production to lhe mainstem fishr: Ipopula'' ns. However, these ponds do have higher water

temperatues r r' I lower dissolvell "ygen lc s that might affect the water quality of the

mainstem do'i r 'rream of the pits certain I tv levels.
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FISH CAPTURE TABLE

Pond Trap # Fish

6 23 pikeminnow

6 l0 largemouth bass

6 l0 largemouth bass

6 10 largemouth bass

6 11 none

6 6 pikeminnow

6 6 largemouth bass

6 9 largemouth bass

6 9 largemouth bass

6 9 largemouth bass

6 9 largemouth bass

6 9 largemouth bass

6 5 largemouth bass

6 5 largemouth bass

6 5 largemouth bass

6 5 largemouth bass

6 5 largemouth bass

6 4 largemouth bass

6 4 largemouth bass

6 4 largemouth bass

6 2 largemouth bass

6 2 largemouth bass

6 2 largemouth bass

6 3 largemouth bass

6 3 largomoutlt bass

6 1 largemouth bass

6 I pikeminnow

6 7 pikeminnow

6 8 killifish
6 8 killiti,rh
6 8 killifish
6 8 kiilifi,h
6 8 largemourlr bass

6 8 largemourlr bass

6 8 largemou ih bass

Ixngth
Fish (mm)

slimy sculpin 78

slimy sculpin 75

slimy sculpin 62

slimy sculpin 60

slimy sculpin 64

slimy sculpin 66

slimy sculpin 65

slimy sculpin 40

slimy sculpin 63

slimy sculpin 61

slimy sculpin 71

slimy sculpin 73

slimy sculpin 72

stickleback 40

stickleback 15

stiokleback 25

pikeminnow 50

pikeminnow 54

pikeminnow 65

pikeminnow 60

pikeminnow 70

pikeminnow 72

pikeminnow 75

stickleback 40

slimy sculpin 72

slimy sculpin 75

slimy sculpin 20

stickleback 62

stickleback 75

stickleback 60

stickleback 62

stickleback 54

stickleback 35

stickleback 35

crayfish 80

slimy sculpin 60

Length
(mm)

65

35

36

37

60

32

32

35

41

3l
36

42

44

33

32

30

3l
36

34

39

38

37

39

68

103

75

80

72

74

35

37

40

Pond

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mBinstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

mainstem

Trap #

12

t2
l2
t2
t2
12

12

12

12

12

12

12

t2
l2
12

t2
12

12

t3
13

IJ
t3

13

l3
14

l4
t4
t4
l4
t4
14

l5
l5
15

t6
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Pond

5

5

5

5

5

5

5

7

7

7

7

7

7

7

7

7

8

8

8

8

8

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

Trap #

t7
t7
t'7

17

t7
t7
t7
19

l9
19

19

l9
l9
19

l9
t9
20

20

20

20

20

21

zl
2t
2l
2l
2t
2l
2t
2l
21

2l
21.

z1

2l
21

21

Lεngth

〈mm)
30

31

30

32

33

37

31

39

41

47

51

50

31

33

65

62

35

36

35

36

39

50

65

56

58

60

30

31

32

33

34

35

36

37

38

39

40

Pond
3

2

2

2

2

5

5

5

5

5

Trap#
21

22

22

22

22

18

18

18

18

18

Fish

stickleback

stickleback

sticklcL,ack

stickleback

51isk[shrrc k

stickleback

sticklebaclt

largemoLr;h bass

largemoLr rlL bass

largemou lr bass

largemo r lL lrass

largemotr'', I'x55

sticklr ' <

sticklel li

pikemir,,r. rv

pikenrl rorv

largemoL r l;ass

largemo r 'r lass

stickl. r. li

stickl; ' , ]i

stickl. I

slimy s. :n

slimy :, ..,n
slimy,, ',. in

slimy r,. , in

slimy,, '; in
stickl I li.

stickl :r li

stickl. 'k

stickl.. ;.

sticklL' lr

stickl,:lra.:k

sticklL l ,,.li
stickl ' lr

stickl 'i
stickl 'rr 'r

stickl k

Length
Fish (mm)

stickleback 35

slimy sculpin 60

slimy sculpin 62

slimy sculpin 68

slimy sculpin 70

stickleback 4l
stickleback 47

stickleback 42

stickleback 39

crayfish 80
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row tmp in Pit 6. :FLR, Washington.
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Technical Memo

WEST Consultants, lnc,
260l 25'r'st. sE
Suire 450
Salern, OR 9'1302-1286
(s03) 485 5490
(503) 485-5491 Fax
www.wcstconsultants.com

Nanre: Kimbali StorcdalJ

Conrpany: J.L. Storedahl & Sons. lnc,

Dste:

From:

Subjcct: CM- I 0 Monitoring Rqrort - Ridgefield Pits Bathyrnetrio Survey

Introduction

WEST Consultants hrc. (WEST) conducted a bathyrnetric survcy and developed an estintate of
sediment infill rates for the Ridgetield Gravel Pits located along the East Fork Lewis Rivcr. 'fhc

periodic survey and infill rate estitnate are required under Conservation Measure l0 (CM-10) of
the Habitat Conservation Plan (11CP). The location olthe Ridgefield Pirs is shown on Figure I

(Appendix A).

The East Fork Lewis River avulsed into the abantloned Ridgclicld Pits in 1996. Figure 2 shows
the path ofthe avulsion t'ronr aerial photography takcn in November 1996. Because the river has

thc potential to avulse into the ofi'-channel Daybreak Pits, the HCP requires an estimale ol the
amount of time that would be required tbr gcontorphic recovery. Gcomorphic recovery of the
East Fork Lervis River channel withiu the Ridgelield Pits will occur when the geometry and

hydraulics of the channel retum to conditions similar to those that existed prior to the 1996

avulsion. This is assurned to occur when the channel has retumcd to an elevation sirnilar to the
pre-avulsion channel. The avulsion into the Ridgefield Pits that occurred in 1996 providcs an

oirportunity to estimate recovery time.

The geomorphic rcco\/cry of the Ridgetield I'its is also importanl in the discussion of the
potential fbr avulsion into thc Daybreak Pits. It was dstemrirred that thc potcntial for the dver to
avulse into the downstream end o1'the existing Daybleak Pits is greatly rcduccd duc 1o lhe river's
curcnt location within the Ridgelield Pils (WEST, 2001 ). Once geornorphic recovery occurs
within the reach ol" lhe Ridgefield Pits, the river may havc an increased potential Ibr rnigration in
the lateral direction. Lateral Inigration could allow the shanncl to move back to a location near
thc Existing Daybrcak Pits.

October 28, 201 3

Thomas Grindeland, P.E.

Con.ultonlr, tnc,



Methodology

WEST conducted a bathymetric survey of the Ridgefield Gravel Pits I '7 along the East Fork

Lewis River. The survey was completed on August 27,2013. The survey included the active

channel, back channel areas, gravel/sand bars, and the overbank areas below ordinary high water

within the boundaries of Ridgefield Pits I through 7. Pit 8, Pit 9, and an isolated portion of Pit 3

located along the eastern boundary were not included in the survey. The vertioal datum for the

survey is NGVD 29.

Survey control was established using a Trimble RTK GPS system. To establish control, a

washington state Department of Transportation benchmark (monument ID: 4880) was used.

Contol was verified using other benchmarks in the vicinity ofthe project site (National Geodetic

Survey benchmark RD4l04 and clark county benchmark 1267). Control was established along

the entire project reach in order to complete shallow water and gound portions of the survey.

For the areas which were too deep for conventional survey equipment, a survey Sxade soNAR

instrument, integrated with the RTK GPS system, was used to collect bathymetric data.

ln order to estimate the sediment infill rates from the survey results, a digital terrain model

(DTM) of the project area was developed using Arc-Gls. overbank areas not included in the

survey were supplemented with available LiDAR (USACE, 2010). The resulting DTM of the

2013 survey is shown in Figure 3'

A contour map of the bathymetric survey performed in September 1999 (Chase Jones, 1999) of

Ridgefield Pits I through 7 was also available for this analysis. The map provided only below

water surface contours of 1999 pit conditions. unfortunately, the contour m8p of the 1999

survey contained only a few overbank elevation points, The 1999 contours were recreated in

Arc-GIS and a DTM was created from the 1999 bathymetry. The DTM of the 1999 bathymetry

was supplemented with overbank contour data developed from LiDAR flown in 2004 (usACE,

2004). The DTM ofthe 1999 survey is shown in Figure 4.

A boundary for each pit was developed to conduct sediment infill calculations. The boundary

extends beyond both the historic &nd current pit area in order to capture potential channel

migration. The boundaries for each pit are shown in Figure 5. The volume ofthe Ridgefield Pits

for 1999 and 2013 surveys were estimated using Arc-GIS. The same top elevations were used in

the calculation of remaining pit volumes.

Sediment Infill Rate

The average depths of the Ridgefield Pits before the avulsion occurred were estimated by a

former gtavel mine operator at the Ridgefield Pits. The pre-avulsion pit volumes are shown in

Table I (WEST,2001). The estimated pit volumes from the 1999 and 2013 bathymetric surveys

are also shown Table I .



Table l: Estimated Changes in Volume of the Ridgefield Pits since the 1996 avulsion.

Pit

Pre‐ 1996

Pit Vol●me
(2111 i Sm● )

Pre‐ 1996

PI Dcptll

(2001 study)

Pit Top

Elcvation

(21X1l study)

1999 2013

Volume
Volume
Change

Volume
Volume
Change

CVd3) (金) (n) % (yd3) %

1 157,700 118,583 -25% 21,958 ‐86%

2 102,900 つ
‘ 34 130,131 26% 54,185 ‐47%

108,500 124,203 14% 76,290 ‐30%

4 143,500 105,176 ‐27% 51,000 ‐64%

5 164,800 20 160,661 ‐3% 88,955 ‐469`

6 204,900 128,119 ‐37% 66,211 ‐68%

7 186,900 20 178,981 ‐4% 96,299 ‐48%

total     l,069,200 945,854      -12%      454,897      ‐57%

According to the results listed in Table l, the reduction in total volume for Pits I - 7 averaged

approximately 3-percent per year for the period of 1996 - 1999. For the period of 1999 - 2013,

the reduction in total pit volume averaged approximately 3.2-percent per year. For the period of
1996 -1999, the volume ofPit 2 and Pit 3 increased 26-percent and l4-percent, respectively. The

noted volume increase in these pits is attributed to several factors: l) Localized erosion liom
lateral channel migration may have increased the pit volumes and transported the material

downstream; 2) The geomorphic boundaries (Figure 5) established for this study may have

increased the pit volume because it includes areas which were excluded in the previous study;

3) The pre-1996 pit volumes may have been under-estimated.

The predicted recovery period developed from the recent survey is approximately 30 years from

time of the initial avulsion (1996). This suggests that the Ridgefield Pits will frll by 2026.

Figure 6 summarizes the observed and predicted infifl rate for the Ridgefield Pits. This

information corresponds very favorably to the prediction of25 - 30 years originally published in

the Habitat Conservation Plan (WEST, 2001).

Geomorphic Observations

A site reconnaissance ofthe Ridgefietd Pits site was conducted by Thomas R. Grindeland P.E.

and Rick Shimota P.E. on August 30, 2013. Observations olthe channel and overbank areas

were made to determine the extent and characteristics of sediment infilling. A photographic log

of site reconnaissance observations is provided in Appendix B.

The material deposited in Pits 1 and 2 was observed to be sands, gravels and, oobbles with a

median diameter (Dso) of approximately 2.5 inches. The general characteristic of Pit I was

riverine in nature and characteristics ofa former gravel pit were not evident. The eastern portion

of Pit2 has a geomorphic character similar to Pit l. The westem portion of Pit 2 is more similar



to a back channel environment, with fine sands being the predominant sediment. Historic aerial
photography shows the channel was located in this area in 2007 and coarser material may have

been deposited under the current sand deposits. Portions of the channel in Pit 3 were observed to

have a gravel and cobble substrate, with a Dso of approximately 2.5 inches. Again, the sediment

deposits observed in the backwater areas of Pit 3 are primarily sand. Predominantly, sediment

deposits in Pits 4 through 7 were observed to be sand,

Native material or "leave strips" were noted to have separated each ofthe $avel pits. The 1996

avulsion and subsequent floods have eroded away transportable material in the area of where

leave strips had been breached, leaving behind gravels and cobbles, which have formed short

ri{fles connecting Pit 3 to Pit 4, Pit 4 to Pit 5, and Pit 5 to Pit 7.

A review ofhistoric aerial photography for the Ridgefield Pits was performed to evaluate lateral

channel migration conditions. Aerial photography ofthe site was available for years 1990, 2000,

2002,2004,2007,2011 and 2012. A channel centerline for each available year was developed

and overlain as shown in Figure 7.

The most significant migration ofthe channel centerline was observed to have occurred in Pit 2.

The channel centerline in the vicinity of Pit 2 moved laterally approximately 350 feet between

years the 2007 and 201l. The centerline switched from the western edge of Pit 2 to the eastern

edge of Pit 1. The channel migrated eastward a further 80 feet from 20ll to 2012. Ifthe lateral

channel migration continues eastward, the channel could move into the eastem portion of
Ridgefield Pit 3 or into Ridgefield Pit 9. Potential migration paths are shown in Figure 7.

lfthe channel migrates into Pit 3, portions of Pit 2 and Pit 3 may be Qlpassed, lengthening the

recovery time of those pits. If the chan-nel migrates into Pit 9, then Pits 2,3, 4, and 5 will be

bypassed, which may lengthen the recovery time ofthe bypassed pits. However, it is likely that

the channel will still be contained within the Ridgefield Site even if the channel shifts to Pit 3 or

Pit 9.

Conclusion

The recent bathymetric survey conducted in 2013 suggests that the pits are on a trajectory to fill
by 2026, with a predicted recovery period of 30 years fiom the time of the initial avulsion.

Figure 6 summarizes the observed and predicted infill rate of the Ridgefield Pits. The observed

rate coresponds well with the prediction of 25 - 30 years originally published in the Habitat

Conservation Plan (WEST,200l). It is recognized that if lateral channel migration bypasses the

pits, recover times may be significantly longer. However, it is likely that the East Fork Lewis

River channel will remain in the Ridgefield Pits Site for an extended period into the future.

Since the observed infill rates are approximately the same as the original 2001 prediction, and

the risk ofthe channel shifting out ofthe Ridgefield site has not changed significantly, no change

to the Avulsion Contingency Plan (CM-09) associated with the HCP is recommended.
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Appendix A: Figures
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2013 Survey DTM
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1999 Survey DTM
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Pit Analysis Boundaries

Ridgefield Pits - EF Lewis River
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Appendix B. Photographic Log



Ridgefield Pits Site Reconnaissance
East Fork Lewis River - 08/30/13



Photo 5: Looking east from Pit I, towards Pit 9.
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Photo 8: Looking north, western edge of Pit 2. Note gravel delta deposition on
right of photo. Sand deposition is predominant left of the gravel delta.

Photo 6: Looking downstream (west) towards downstream extent of Pit 2.

Photo 7: Streambed materiat, left bank of Pit 2.



Ridgefield Pits Site Reconnaissance
East Fork Lewis River - 08/30/13



Photo 15: Looking upstream (south) at entrance of Pit 4. Note apex jam on
right.

Photo I4: Looking north at the downstream extent of Pit 3.

ofapex logjam on west side ofthe channel.

Photol6: Looking downstream from entrance of Pit 4. Note the formation of a
second apex logjam on west side ofthe channel near the exit.
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Looking upsheam (south) at exit of Pit 3.



Photo 17: Looking southeast (upstream) from the right bank ofPit 4. Photo 18: Looking upsfieam at Pit 4from Pit 5.
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Photo 19: Looking northeast from enhance of Pit 5. Note sandbar formation
which separates main channel from the backwater area of Pit 5.

Photo 20: Looking northwest at backwater area of Pit 5.



Photo 21 : Looking southwest at southern boundary of Pit 6. Photo 22:L∞ king west at Pit 6.Note that Pit 6 is currently cut off'om the
active channel ofthe EF Lewis River.
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Photo 23: Looking north at Pit 6 from eastem boundary. Photo 24: Looking downstream toward the mid section of Pit 7. Note this
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Photo 25: Looking upstream from enfrance of Pit 7 towards Pit 5.
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Photo 26: Looking south at the backwater section of Pit 7.

Photo 27: Looking upsheam at entrance to backwater section of Pit 7. Photo 28: Looking upstream at the downstream extent ofPit 7.


