Appendix 3. Final Grand Ditch Report (2009-2010 task agreement). Rocky
Mountain National Park, CO. Covey Potter and Dr. David Cooper.
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Figure 1: Areas of injury from the 2003 Grand Ditch Breach. Figure shows zones of impact. From Cooper
Expert Report 2008.



Figure 2: Photo of Shipler Park onsite reference site. Demonstrating groundwater well and staff gage

placement for water table monitoring.



Reference Site Well X Y Notes
Shilpler Park 540 427738 4475405 Well
541 427745 4475417 Well

542 427722 4475417 Well

543 427718 4475416 Well

544 427735 4475421 Well

545r 427733 4475399 Rebar Gage

546 427717 4475408 Well

547 427716 4475402 Well

548 427716 4475393 Well

Lost Creek 520 427753 4474494 Well
521 427746 4474508 Well

522r 427748 4474483 Rebar Gage

523 427751 4474558 Well

524 427745 4474568 Well

525 427741 4474573 Well

526 427738 4474586 Well

527 427760 4474624 Well

528 427766 4474620 Well

529 427778 4474626 Well

530r 427772 4474626 Rebar Gage

531 427737 4474570 Well

532 427772 4474641 Well

533 427728 4474547 Well

534 427731 4474568 Well

535 427736 4474561 Well

Sawmill Creek 560 427936 4478462 Well
561 427930 4478467 Well

562 427925 4478436 Well

563 427936 4478452 Well

564 427949 4478436 Well

565 427936 4478421 Well

Beaver Creek Confluence 511 427862 4471777 Well
512 427880 4471754 Well

513 427864 4471743 Well

514 427897 4471722 Well

515 427930 4471666 Well

516 427799 4471749 Well

517 427788 4471752 Well

Table 1: Reference site groundwater monitoring well and gage locations. Rocky Mountain National Park, CO



Figure 3. Groundwater monitoring well transects along the affected reaches of Lulu Creek and the Colorado River.
Rocky Mountain National Park, CO. Installed 2003 and 2004 (Gage 2005).
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Figure 4. 2-dimensional cross section of transect 1 shown in Figure 1. This cross section describes a

somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater

collected from the groundwater monitoring wells.
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Figure 5. 2-dimensional cross section of transect 2 shown in Figure 1. This cross section describes a

somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater

collected from the groundwater monitoring wells.




Transect 3
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Figure 6. 2-dimensional cross section of transect 3 shown in Figure 1. This cross section describes a
somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater
collected from the groundwater monitoring wells.
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Figure 7. 2-dimensional cross section of transect 4 shown in Figure 1. This cross section describes a
somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater
collected from the groundwater monitoring wells.
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Figure 8. 2-dimensional cross section of transect 5 shown in Figure 1. This cross section describes a
somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater
collected from the groundwater monitoring wells.
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Figure 9. 2-dimensional cross section of transect 6 shown in Figure 1. This cross section describes a
somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater
collected from the groundwater monitoring wells.
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Figure 10. 2-dimensional cross section of transect 7 shown in Figure 1. This cross section describes a
somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater
collected from the groundwater monitoring wells.
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Figure 11. 2-dimensional cross section of transect 8 shown in Figure 1. This cross section describes a
somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater
collected from the groundwater monitoring wells.
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Figure 12. 2-dimensional cross section of transect 9 shown in Figure 1. This cross section describes a

somewhat stable ground surface combined with monthly variations in 2009 depth to groundwater

collected from the groundwater monitoring wells.
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Figure 13. 2-dimensional cross section of transect 5 shown in Figure 1. This cross section describes a

somewhat stable ground surface combined with monthly variations in 2010 depth to groundwater

collected from the groundwater monitoring wells.
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Figure 14. 2-dimensional cross section of transect 9 shown in Figure 1. This cross section describes a

somewhat stable ground surface combined with monthly variations in 2010 depth to groundwater

collected from the groundwater monitoring wells.
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Figures 15. Depth to water table hydrographs for the 2010 season in Lulu City Wetland along transect 1
(Zone 4). This hydrograph describes a steadily lowering water table as the season progresses.

Transect 2
80
60 pa
e X
40
_ ——169
£
g 20 — -
E o A~ >( LV 172
) & ik y —he—174
20 ——7— ——170
r
-40 —a
——1731
60
6/26 7/6 7/16 7/26 8/5
Date 2009

Figures 16. Depth to water table hydrographs for the 2010 season in Lulu City Wetland along transect 2
(Zone 4). This hydrograph describes a steadily lowering water table as the season progresses.
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Figures 17. Depth to water table hydrographs for the 2010 season in Lulu City Wetland along transect 3
(Zone 4). This hydrograph describes a steadily lowering water table as the season progresses.
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Figures 18. Depth to water table hydrographs for the 2010 season in Lulu City Wetland along transect 4
(Zone 4). This hydrograph describes a steadily lowering water table as the season progresses.
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Figure 19. Depth to water table hydrographs for the 2010 season in Lulu City Wetland (Zone 4). This
hydrograph describes a steadily lowering water table as the season progresses.
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Figure 20. Depth to water table hydrographs for the 2010 season in Lulu City Wetland along transect 1
(Zone 4). This hydrograph describes a steadily lowering water table as the season progresses.
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Figure 21. Depth to water table hydrographs for the 2010 season in Lulu City Wetland along transect 3
(Zone 4). This hydrograph describes a steadily lowering water table as the season progresses.
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Figure 22. Depth to water table hydrographs for the 2010 season in Lulu City Wetland along transect 4
(Zone 4). This hydrograph describes a steadily lowering water table as the season progresses.
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Figures 23. Depth to water table hydrographs for the 2009 season in Zone 3 along transect 5. This
hydrograph describes a steadily lowering water table as the season progresses until an interestingly
uniform increase in water table at the end of August. This increase is likely due to increased
precipitation from the summer monsoon and late season ditch releases.
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Figures 24. Depth to water table hydrographs for the 2009 season in Zone 3 along transect 6. This
hydrograph describes a steadily lowering water table as the season progresses until an interestingly
uniform increase in water table at the end of August. This increase is likely due to increased
precipitation from the summer monsoon and late season ditch releases.
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Figures 25. Depth to water table hydrographs for the 2009 season in Zone 3 along transect 7. This
hydrograph describes a steadily lowering water table as the season progresses until an interestingly
uniform increase in water table at the end of August. This increase is likely due to increased
precipitation from the summer monsoon and late season ditch releases.
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Figures 26. Depth to water table hydrographs for the 2009 season in Zone 3 along transect 8. This
hydrograph describes a steadily lowering water table as the season progresses until an interestingly
uniform increase in water table at the end of August. This increase is likely due to increased
precipitation from the summer monsoon and late season ditch releases.
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Figures 27. Depth to water table hydrographs for the 2009 season in Zone 3 along transect 9. This
hydrograph describes a steadily lowering water table as the season progresses until an interestingly
uniform increase in water table at the end of August. This increase is likely due to increased
precipitation from the summer monsoon and late season ditch releases.
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Figure 28. Depth to water table hydrographs for the 2010 season in Zone 3 along transects 5. This
hydrograph describes a steadily lowering water table as the season progresses
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Figure 29. Depth to water table hydrographs for the 2010 season in Zone 3 along transects 9. This
hydrograph describes a steadily lowering water table as the season progresses except for well 394 that
is likely groundwater fed and not affected by the seasonal decline in Colorado River stage.

Figure 30: Excavating sediment pits in the Lulu City Wetland. September 2009.
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Figure 31: Stratigraphic interpretations of the sediment pits revealed multiple debris events with
variable particle size and buried vegetation layers.
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Figure 32: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 33: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 34: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 35: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 36: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 37: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 38: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 39: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 40: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 41: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 42: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.

Pit 12

Figure 43: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.

No stratigraphic data for pit 12. Excavated two standing dead Lodgepole Pines from the hole. The

germination crown of the small pine was 25 cm below the current ground surface and had

approximately 20 annual growth rings. The germination crown of the large pine was 55 cm below the

current ground surface and had approximately 45 annual growth rings.
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Figure 44: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 45: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 46: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 47: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.



Depth (m)

0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.80
1.00
1.10
1.20
1.20
1.40
1.50
1.60

Clay

Silt

Sand

Gravel

g|p|C|h

Description

87

D Interval (0.00m to 0.40m)
2003 fine sand

D Interval (0.40m to 0.60m)

buried willows; silt:
pre 2003 surface

[} interval 0.60m to 0.70m)
gravel- pre 2003 debris flow

D Interval (0.70m to 0.90m)

silt; large willows buried at 90 cm

D Interval (0.90m to 1.40m)

gravel/cobble-sand mix
pre-2003 debris flow

D Interval (1.40m to 1.60m)
peat

Figure 48: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.

Pit 18

Depth (m)

0.10
0.20
0.30

0.40

Clay

Silt

Sand

Gravel

9|p|C|h

Description

D Interval (0.00m to 0.35m)
fine sand; base of 2003 sediment at 35 cm

Figure 49: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.




Depth (m)

0.10
0.20
0.30
0.40
0.50

Clay

Silt

Sand

Gravel

g|p|C|b

Description

D Interval (0.00m to 0.348m)
fine sand (2003)

[} interval 0348m to 0.396m)
buried roots (base of 2003)

D Interval (0.396m to 0.508m)

sandy gravel

Figure 50: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.

Pit 20
Clay Silt Sand Gravel
Depth (m) Description
g | 4 | c | b

010 [} mnterval (0.00m to 0.20m)
fine sand (2003)

0.20

030 D Interval (0.20m to 0.228m)
buried roots

0.40
I_'in Intensal (0 298 0 0 A0

Figure 51: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description

v‘Ff|m|c|vc g|p|c|b

D Interval (0.00m to 0.15m)

010

0.0 fine sand (2003). organic horizon at 15m
030 D Interval (0.18m to 0.30m)

0.40 gleyed sand with roots

[} interval 030m to 0.70m)
gravel (pre 2003 debris flow)

0.50

0.60

0.70
D Interval (0.70m to 1.30m)

gleyed coarse sand

0.80
0.80
1.00
1.10
1.20

1.30
140 —3 [} interval 130m to 1.50m)
1.50 3 peat; bottomn of this layer is unknown

Figure 52: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.



ISP
N =

Clay Silt Sand Gravel
Depth (m) Description
010 [} mnterval (0.00m to 0.10m)
0.0 2003 sand
030 D Interval (0.10m to 0.65m)
cobble, angular
0.40 pre 2003 debris flow
0.50
0.60
070 —3 - i [} mnterval (0.65m to 1.30m)
0.80 ; Ceo Doo gleyed silt; pond deposit
0.0 E e .y —
. “es . [} interval (1.30m to 1.40m)
1.00 - aam o —
E ] [ ] ] pEEt
110 = - SR
E L] - aa D Interval (140?‘1’1 to 150?’1’1:]
1.20 - "o " an
= . alternateing gleyed silt and peat
130 —
Lt 52‘///7/ / / LES [} interval (1.50m to 1.60m)
i... e alternateing gleyed silt and peat
1.50 =
5o E/éﬁzléa/‘Z’.:é [ interval (1.60m to 1.70m)
I g . “aa alternateing gleyed silt and peat
1.70 = —
s D Interval (1.70m to 1.80m)
3] alternateing gleyed silt and peat

Figure 53: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.




Depth (m)

0.70
0.80
0.80
1.00

Sand Gravel

g|p|C|h

Description

1.10
1.20
1.20
1.40
1.50
1.60
1.70
1.80
1.80

D Interval (0.00m to 0.10m)
2003 sand

D Interval (0.00m to 0.20m)
white sand (2003)

D Interval (0.10m to 0.65m)

cobble, angular
pre 2003 debris flow

D Interval (0.20m to 0.396m)

gravel and cobble

D Interval (0.396m to 0.904m)

iron streaked cemented gravel; sticks and
buried wood at 55cm

D Interval (0.65m to 1.30m)
gleyed silt; pond deposit
D Interval (0.904m to 1.80m)

gleyed silt and beaver deposit

D Interval (1.30m to 1.40m)
peat

[} interval 1.40m to 1.50m)
alternateing gleyed silt and peat

Figure 54: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Depth (m)

0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80

Clay

Silt

Sand

vf | f m|c|\.rc

Gravel

9|p|C|h

Description

D Interval (0.00m to 0.10m)
2003 sand

D Interval (0.10m to 0.30m)
zilt, mottled

D Interval (0.30m to 0.48m)

coarse sand; upper part with wood (pre 2003
debris flow)

D Interval (0.48m to 0.85m)
gravel (pre 2003 debris flow)

Figure 55: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.

Depth (m)

0.10
0.20
0.20
0.40
0.50
0.60
0.70
0.80
0.80
1.00
1.10
1.20
1.20
1.40
1.50

Sand

Gravel

g|p|C|b

Description

D Interval (0.00m to 0.036m)
sand (2003)

D Interval (0.036m to 0.752m)

iren rich sand and gravel

[} mnterval (0.752m to 1.252m)
gleyed sand and gravel

D Interval (1.252m to 1.50m)
peat

Figure 56: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description
L6
010 D Interval (0.00m to 0.42m)
020 angular pebbles and coarse sand
0.30
0.40
0.50 [} mnterval (0.42m to 1.052m)
060 —3 e I gleyed, ironstained silt with roots
o0 z...--- .....- . o
0.80 i.- ees — .. ]
090 — e ]
f; E [ nterval (1.052m to 1.124m)
1.20 pest
30 [ interval (1.20m to 1.292m)
alternating peat and silt

Figure 57: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description

vilflm|elvelglelc]e

D Interval (0.00m to 0.152m)
fine sand (2003)

0.10

0.20
D Interval (0.152m to 0.90m)

angular pebbles and coarse sand (pre-2003)

0.30
0.40
0.50
0.60
0.70
0.80

0.90
D Interval (0.90m to 1.90m)

silt and gravel

1.00
1.10
1.20
1.20
1.40
1.50
1.60
1.70
1.80
1.80

Figure 58: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description
g | p | c | b

010 D Interval (0.00m to 0.05m)
2003 sediment

0.20

030 [} interval 0.05m to 1.10m)
Gravel/zand

040 Pre 2003 debris flow

0.50

0.60

0.70

0.80

0.90

1.00

110

20 [} interval (1.10m to1.30m)
fine sand; maybe cld fluvial

1.30

Figure 59: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description
g | p | c | b
010 D Interval (0.00m to 0.12m)
sand (2003)
0.20
030 [} interval 012m to 0.32m)
sand
0.40
050 D Interval (0.32m to 0.40m)
0.60 fines
070 D Interval (0.40m to 0.448m)
0.80 sand
0.90 [ interval 0448m to 0.492m)
1.00 fines
|_‘ Lok L0 A0 A .74 LY




Figure 60: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description
g | P | c | b
010 [} mnterval (0.00m to 0.15m)
0.0 2003 sand
030 D Interval (0.15m to 0.60m)
coarse sand/gravel; angular pebbles

0.40 pre 2003 debris flow
0.50
0.60 =
N bt [} interval (0.60m to 0.88m)

E "= - gleyed silt
0.80 ] === . =" X zorted debris flow? (beaver pond fill?)
080 —3

] A, -0 A Interval (0.88m to 1.35m)

L X X b4

1.00 =

3 gravel; mixed mineral; mostly rounded
110 —3 in-channel deposits
120 —3
130 —3
140 —3 | |

Figure 61: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.




Sand Gravel
Depth (m) Description
\.rFf|m|c|\rc g|p|c|b
010 D Interval (0.00m to 0.204m)
fine sand
0.20
030 D Interval (0.204m to 0.296m)
coarse sand
0.40
0.50 D Interval (0.296m to 0.60m)
0.60 fine sand
070 —3 D Interval (0.60m to 1.352m)
0.80 _E reunded gravel
090 —3 X X X X
100 — L X i pd
110 —3
120 —3
130 —3
— e 7 il ~ i e~ ol e 7 ol
140 — | | | |

Figure 62: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description

v‘Ff|m|c|vc g|p|c|b

[} mnterval (0.00m to 0.20m)
fine sand (2003) and gravel

0.10

0.20
D Interval (0.20m to 1.192m)

coarse sand and cobble (4-67)

0.20
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10

1.20

D Interval (1.192m to 1.656m)
X X I X X gravel and cobble

1.30

1.40

1.50
1.60

D Interval (1.656m to 1.70m)

1.70
| | silt and vegetation

Figure 63: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Depth (m)

Clay

Silt

Sand

v‘F|f|m|c|vc

Gravel

g|p|C|b

Description

0.10
0.20
0.20
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80

D Interval (0.00m to 0.604m)

zilt and roots

D Interval (0.604m to 1.70m)

coarse sand and gravel

D Interval (1.70m to 1.744m)

stable vegetation layer beneath gravel

D Interval (1.784m to 1.804m)

silt and fines (dense and compact)

Figure 64: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description
|t lm|clvelgp]ec]e
010 —F—es D Interval (0.00m to 0.40m)
1° - * silt and sand
0.20 __— LB I
0.20 _E— " m
040 —3 —
050 [} interval 0.40m to 1.10m)
leyed coarse sand
0.60 T
0.70
0.80
0.90 D Interval (1.10m to 1.40m)
1.00 gravel (tree chunk at 1.10m)
1.10 D Interval (1.40m to 1.448m)
1.20 rich organic layer with pebbles
130 [} interval (1.448m to 1.604m)
1.40 gravel
150 [} mnterval 1.604m to 1.64m)
1.60 vegetation layer with gravel
170 —3 [} interval (1.64m to 1.792m)
1.80 : cobbles (4-10") possibly original CO river
B level

Figure 65: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Sand Gravel

Depth (m) Description

9|P|C|b

D Interval (0.00m to 0.404m)

fine sands and gravels (2003) and rooted silt
bottom 5 cm oxidized sand

D Interval (0.404m to 0.456m)

vegetation layer

D Interval (0.456m to 1.70m)

coarse sand and gravel

D Interval (1.70m to 1.80m)

river cobble

Figure 66: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Gravel

Depth (m) Description

g|p|C|b

D Interval (0.00m to 0.448m)

rooting zone some fines and
unconssolidated gravels (2003)

D Interval (0.448m to 0.60m)

vegetation and silt

D Interval (0.60m to 1.10m)

sand and gravel. buried willow at 90 cm

110 —3
Lo 3 Dlntewal (1.10m to 1.50m)
3 eaty layer » sticks and roots > sand
1.30 = peaty fay
140 —3
150 —3
e 3 Dlntewal (1.50m to 1.804m)
= cobbles (2-4" and 6-8")
170 —3
180 —3 | | |

Figure 67: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Gravel

Depth (m) Description

g|p|C|h

D Interval (0.00m to 0.404m)

coarse sand, gravel, and cobble

0.40
D Interval (0.404m to 1.50m)

large cobbles 4-10"

0.50

0.60
0.70

0.80

0.80

1.00
1.10

1.20
1.20

1.40

X X X X X

~ ~ h AR D Interval (1.50m to 1.564m)

X X X X X X
X

1.50

gleyed oxidized iren fine sands with small
chunks of willows

1.60

Figure 68: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.



Cx=
0 |F

Gravel

Depth (m) Description

g|p|C|b

D Interval (0.00m to 0.752m)

iron rich coarse sand and gravel (1-2")

D Interval (0.752m to 1.704m)
cobbles (4-8" and 10-12")

1.10

1.20
1.30

1.40

1.50
1.60

1.70

A Y A
8
r
2
A
s

Figure 69: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description
vF|f|m c|\rc |p|c|h
B . . .
E X X 3 pd [} interval 0.00m to 1.80m)
010 —3
3 gravels 1-2"; cobble 4-8"; roots throughout
0.20 —] pre 2003 debris flow
030 —3
040 —3
i X X X X X
% XX X X X
060 —3
070 —3
080 —3
090 —3 X X X X
1.00 —3 b4 X X X
110 —J
120 —3
130 —3
1 X X X X X
M X X X~ X
150 —3
160 —3
170 —3
180 — et [ Interval (1.80m to 1.90m)
100 —3 )4 X bl D4 )4 X boulders 12-14"
3 | | | | debris flow

Figure 70: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.



Clay Silt Sand Gravel
Depth (m) Description

g|p|C|b

D Interval (0.00m to 0.896m)

fine sands and silt. rooted material. big
willow chunk (F0cm)

0.10
0.20
0.20
0.40
0.50
0.60
0.70
0.80
0.90

D Interval (0.896m to 1.10m)

buried vegetation layer. chunks of willows

1.00

1.10

D Interval (1.10m to 1.804m)

small gravels

1.20
1.30
1.40

1.50
1.60
1.70

1.80

Figure 71: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand

Depth (m)

Gravel

g|p|C|b

Description

0.10
0.20
0.20
0.40
0.50
0.60
0.70
0.80

D Interval (0.00m to 0.80m)

silt, roots, and fine gravels (stopped at 80 cm
because it looked just like hole 40)

Figure 72: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.

Depth (m)

Gravel

g|p|C|b

Description

0.50
0.60

0.70

0.80

D Interval (0.00m to 0.156m)

fine gravels and sands

D Interval (0.156m to 0.50m)
gravels (1-3")

D Interval (0.50m to 0.796m)

vegetation layer. chunk of willow (55cm). fine
line of needles and twigs (G0cm). flattened
sedges

Figure 73: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments

and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.




Clay Silt Sand Gravel
Depth (m) Description
alplc|e
010 [} mnterval (0.00m to 0.292m)
sands and fine gravels
0.20
0.30 =
E e Les - Interval (0.292m to 0.628m)
0.40 — L ] L L W ] D
Ju == LI ranm oxidized sands with buried willows
0.50 _: - . - m - .
v T T D Interval (0.628m to 0.752m)
JTrMrrY——T711: silt
0.70 = . ooo—
050 —3 [} interval 0.752m to 0.852m)
3 T T T T gleyed sands and cobbles (3-8")

Figure 74: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.

Sand Gravel

Depth (m) Description

9|P|C|b

D Interval (0.00m to 0.356m)

0.10
020 silty sand (2003)
030 D Interval (0.356m to 0.412m)
0.40 willow layer
050 D Interval (0.412m to 0.60m)
050 fine gravels
0.70 D Interval (0.60m to 0.908m)
0,80 gravels
0.90 D Interval (0.90%m to 0.96m)
1.00 willow layer
110 [} interval ©.96m to 1.156m)
1.20 gravels
130 [} interval .156m to 1.208m)
1.40 willow layer

—

Figure 75: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.



Sand Gravel

Depth (m) Description

g|p|C|b

[} mnterval (0.00m to 0.396m)
sands and fine gravels (2003)

D Interval (0.396m to 0.76m)

gravels

0.80

D Interval (0.76m to 0.82m)

silt with some sand and gravel

0.90
1.00

D Interval (0.82m to 2.004m)

gravel layer with woody debris (willows and
conifers). maybe dutch creek debns flow

1.10

1.20
1.30

1.40

1.50
1.60

1.70

1.80

1.90

2.00

Figure 76: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.



Clay Silt Sand Gravel
Depth (m) Description

vi| f [m|c v |p|c|b

D Interval (0.00m to 0.496m)
sand and gravel (3-6") (2003)

0.10
0.20
0.20
0.40
0.50

D Interval (0.496m to 1.20m)
cobbles (127)

0.60
0.70

0.80

0.80

1.00
1.10

1.20

Figure 77: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.



Clay Silt Sand Gravel
Depth (m) Description

\.rF|f|m c|\rc g|p|c|b
. .

[} interval (0.00m to 0.504m)
cobbles (4"). buried willow (30cm)

0.10
0.20

0.20
0.40

0.50

D Interval (0.504m to 0.752m)

silt layer with willows

0.60

0.70

0.80 D Interval (0.752m to 1.796m)

cobbles (10™)

0.90

1.00
110

1.20
1.30

1.40

1.50
1.60

1.70

P PP PP OV PR PP PP PO OOV R PRV PP OPOE O PPV PPV OO O
4
Atk
8
v
i

1.80

Figure 78: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description

vam|c|\rc g|p|c||ﬂ

[} interval 0.00m to 0.608m)
fine sand, gravel, cobbles (3-5") (2003)

0.10
0.20
0.20
0.40
0.50

0.60

D Interval (0.608m to 0.856m)
cobbles (127)

0.70

0.80

0.90

Figure 79: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description

vF|f|m c|\rc g|p|c|h
> .

D Interval (0.00m to 1.20m)
cobbles (4-8")

0.10
0.20

0.30
0.40

0.50

0.60
0.70

0.80

0.80

X X X X X

1.00
1.10

130 A X

1.20

D Interval (1.20m to 1.60m)

leyed silty sedge-rich fine sand
1.40 gley ty sedg

1.50
1.60




Figure 80: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Clay Silt Sand Gravel
Depth (m) Description
vi| f [m g | p | = | b
010 [} interval (0.00m to 0.504m)
sand and gravel
0.20
0.30
0.40
0.50
060 D Interval (0.504m to 0.60m)
0.70 sand
080 —3 [} interval 0.60m to 0.752m)
= sand and gravel
080 —J X X X X X
100 —— X X 3 X X X D Interval (0.752m to 1.104m)
1.10 E | | | cobbles (8-14")

Figure 81: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.




Clay Silt Sand Gravel
Depth (m) Description
vi| f [m|c |\.rc g | p | c | b
010 [} interval 0.00m to 0.152m)
020 coarse sand
030 [} interval 0.152m to 0.396m)
0.0 gleyed fine sand with mottles
050 D Interval (0.396m to 0.704m)
0.60 gleyed sand and fine gravel
0.70
050 [ interval 0.704m to 1.00m)
leyed fine sand
0.90 gley
1.00
10 [} mnterval (1.00m to 1.192m)
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Figure 82: Stratigraphic sediment profile cross section. Representing thickness and texture of sediments
and buried materials. Collected September 2009 using a Bobcat Excavator in Lulu City Wetland.
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Figure 84: Offsite reference site survey of Soil texture, DTW, and riparian vegetation community
structure. Note the variability of community type at each of these plots due to gradient, stream size, and
other environmental factors.




Figure 85: Offsite reference site survey of Soil texture, DTW, and riparian vegetation community
structure. Note the variability of community type at each of these plots due to gradient, stream size, and

other environmental factors.

Figure 86: Offsite reference site survey of Soil texture, DTW, and riparian vegetation community
structure. Note the variability of community type at each of these plots due to gradient, stream size, and
other environmental factors.

Species Avg DTW (cm) | Soil Texture
Salix lasiandra 58 | Sandy clay loam
Carex aquatilus 44 | Clay loam

Salix geyeriana 64 | Sandy clay loam
Calamagrostis canadensis 57 | Sandy clay loam and Clay loam
Frageria virginiana 62 | Sandy clay loam
Equisetum arvense 28 | Clay loam
Erigeron peregrinus 47 | Sandy Loam
Pentaphylloides florabunda 36 | Sandy clay loam
Heracleum sphondylium 65 | Clay loam
Galium coloradoense 39 | Clay

Salix ligulifolia 30 | Sandy clay loam




Table 2: The 11 most common species observed at the offsite reference sites. Includes average DTW and
soil texture requirements for each species.



