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Introduction

Three localized areas along the lower reach of Lower Creek (formerly lam®@arnage Creek), a
tributary to Left Hand Creek in Boulder County, were reigied during 2015 to reduce concentrations
of lead in soil, surfacerater, and streambed sedimerithelead was derived primarily from use of the
areas as an informal shooting range (Weston Solutions Inc., 2015; RM@t&ues2016). After
completion of the restoration project, Trout Unlimited and the Boulderdgearbistrict needed to
document conditios pertaining to transport of sediments and lead through the restoezth and into
Left Hand CreelAccordingly, in April 2017 Trout Unlimited (TU) entered into an agreemigmt w
Lefthand Watershed Oversight Group (LWOG) to help ascertain whether #beeéioration project
has succeeded in reducing concentrations and loads of teadvier Creek, to determine the impact of
discharges from Lower Creek on total lead concentrations in Left Hand, @rekio document loads of
suspended sediment in the LewCreek study reach. This report presents the results of that
investigation.

Description of Study Area

The study took place in the lows00 m (0.3 mile) of Lower Creadnd in Left Hand Creek about 100 m
(300 ft) upstream and downstream from the confluensith Lower Creek (figusel - 3. In this area
Lower Creek exhibits consistent flow in the range of 0.01 to 0.lucisgspring runoff fromApiril
through JuneDuring the rest of the year Lower Creek has intermittent fldtne watershed for Lower
Creek comprises 0.9 square mile of U.S Forest Service land fibvatsied terrain withsteep slopes,
averaging 4690JSGS, 2017)

: [
Figure 1. Study area in Boulder County, Colorado

\
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Figure3. Sampling stations along Lower Creek and Left Hand Creek.

Paged of 20



The watershed of Left Hand Creek above the confluence with Lower Creek isasigyifarger,
encompassing 43 square miles of natural drainagel&hfl square miles of South St. Vrain Creek
drainage that is usually diverted into the watershed. Median flow in Lafid-Creek at the Lower Creek
confluence is about 9 cfs (USGS, 2017).

Until 2013, when both Lower Creek and Left Hand Creek were affected lng sgwsion and deposition
during theflood of September 112, resulting in a U.S. Forest Service closure, the Lower Creek
Watershed was heavily influenced by-offad recreation and recreational shooting. The shooting was
concentrated in informal practice areas along Lower Creek in thdysitea. In 2015 the Forest Service
and Trout Unlimited collaborated on a restoration project that removed deactaminated soil from
near the creek, stabilized the remaining soil, and restored the creek chahhelcurrent study was
arranged as a comparison to prestoration monitoring to determine whether loads lefad transported
in Lower Creek have diminished after the restoration project.

Methods

The projectincluded water and bed sediment sampling and analysigaterfor pH, hardnesdptal

lead, and suspended sedimenand analysis of bed sediment for total leadir and water temperature
were checked for each sampletreamflow measurementsere made during sampling visits to facilitate
computation of constituent loadsStreamflow on Lower€ek was measured at L®/V03 using a
combination of volumetricflume, and carent-meter flow measurementsAlso includedn the project
was a visual assessment of channel and bank conditions using the Streaim®gsessment Protocol 2
(SVAP2) assessmauheme

(https://www.nrcs.usda.gov/wps/PA _NRCSConsumption/dmad?cid=nrcseprd403210&ext=pdf

The visual assessment was conducted on August 29, 2017.

Sanpling sites included the same four sites on Lower Cree#t dggng prerestoration monitoring in
2015 (Weston Solutions, Inc., 2015). These includeddltening sites (figure 3):

LCCSWBKG
LCESWO1
LCESW02
LCESWO03

In addition, two sites on Left Har@@reek, just upstream of the confluence with Lower Creek and just
downstream, were also samplet@ihe upstream site was labeled 1-8@/04, and the downstream site
was labeled LHSWO05.

Surface water samples were collected at all six sBes. sedimensamples were collected from two
sites, the farthest upstream (background) site on Lower Creek$SMIBKG), and the farthest
downstream #e on Lower Creek (LESWO03) Samples were collected during three sampling trips
characterized by low flow conditions, snowmelt runoff, and rainfall runoff.

Analyses for pH, hardness, and suspended sediment wadery LWOG staff using a pH meter,
hardness titration supplies, and a suspended sediment ftabiged and qualityassured by the Colorado
Department of Parks iad Wildlife.Analyses for total lead were made by the Colorado State University
Soil and Water Testing Lab.
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As an addendum to the original study a fourth sampling wipaf second rainfall event was planned, but
this fourth sampling trip was not possible during 2017 because no rainfall eventladt first one

causel sufficient runoff to samplelhe largest rainfall evertf the yearcame on August 7, 2017, when
0.9 inches fell at the nearby Lazy Acres rain gauge (figure 4) and similar precipitaswidespread

over the Lowe Creek Watershedlhe creek was dry at the beginning of the rainfall event and flo
remained discontinuous, with extensive pockets of zero fldindwing and after the eveniThe
watershed did not have sufficient antecedent ntaig for this rainfall event to cause a rise in flow.

B August 1,2017 - August 8, 2017 ~ % 10,91 in © about 12 hours ago
@ Markers | MLegend u
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00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

Figure 4. Precipitation record for August7?2 2017, at the Lazy Acres precipitation gagug&m SW of
the confluence of Lower Creek and Left Hand Creek
(https://udfcd.onerain.com/map/?view id=364&view=cc2566386-4682-9934-8d01c5d5cf6il

Results

The results show a clear, major decline in concentrations of total lead irathples of Lower Creek
water collected after the completion of the restoration project, comparethiase collected prior to the
restoration project (Table 1, Table 2 and figéje Concentrations of total lead in Lower Creek water,
averaged among the four sampling sites, after restoration were in the range@JXk@ 0.0032 mg/L
during the three sampling events, compared to an average of 0.016 migfLt@ restoration. This
reflects at least a foufold decrease in total lead concentration in Lower Creek water. In computing
average concentrations, values reported as less than the detection li@Y0ng/L) were assumed to
be equal to the detection limit.

Table 1. Dateand flow conditions for the three sampling trips

Date Event Type Precipitation, in | Lower Creek Flow, cfg Left Hand Creek Flow, cf
4-28-2017 | Low flow - 0.02 22.8
4-30-2017 | Snowmelt runoff | -- 0.06 46.0
5-92017 | Rainfall runoff 0.48 0.12 47.9
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Table2. Sampling results

Date Site Time | Air T, | Water | pH Hardness, | Total Pbin | Total Pb Susp. Susp.
C T,C mg/L bed sed, Pb load, Sed, Sed,
mg/kg mg/L g/day | mg/L g/day

4-13-15 | BK1 0.012

4-13-15 | 01 0.017

4-13-15 | 02 0.016

4-13-15 | 03 0.017

4-28-17 | BK1 1245 7.5 7.5 6.5 66 37.2 0.001 0.04 0 0
4-28-17 | 01 1300 5.0 7.0 6.5 96 0.009 0.36 0 0
4-28-17 | 02 1310 35 6.5 6.4 104 <0.001| <0.04 0 0
4-28-17 | 03 1320 4.0 7.0 6.4 110 86.4 0.002 0.08 1 40.3
4-28-17 | 04 1415 1.0 4.0 6.5 46 0.001 45.9 25 101
4-28-17 | 05 1425 1.0 4.0 6.5 48 0.005 230 2 80.6
4-30-17 | BK1 1500 | 155 8.0 6.5 58 33.8| <0.001| <0.12 0.5 20.1
4-30-17 | 01 1510 | 15.0 8.0 6.4 88 0.009 1.09 0 0
4-30-17 | 02 1520 7.0 8.0 6.3 90 <0.001| <0.12 25 101
4-30-17 | 03 1530 7.0 8.0 6.3 96 112 | <0.001| <0.12 1 40.3
4-30-17 | 04 1425| 17.0 6.0 6.5 50 <0.001| <92.7 3 121
4-30-17 | 05 1435| 19.0 6.5 6.5 50 <0.001| <92.7 4.5 181
5-9-17 | BK1 0735 9.0 8.0 6.6 48 22.9| <0.001| <0.24 0.0 0.0
5-9-17 | 01 0725| 10.0 8.0 6.4 72 0.001 0.24 0.5 20.1
5-9-17 | 02 0715 8.0 8.0 6.5 78 <0.001| <0.24 0.0 0.0
5-9-17 | 03 0700 7.0 8.0 6.7 80 61.4| <0.001| <0.24 0.0 0.0
5-9-17 | 04 1030| 13.0 7.0 7.0 32 <0.001| <96.5 44.5 1790
5-9-17 | 05 1040| 15.0 7.0 6.9 32 <0.001| <96.5 43.5 1750

Notes: Table 2 displays resuits temperature, pH, hardness, lead, and suspended sedinmeatidition
to the concentrations of total lead in surface water from the-preject sampling on April 13, 2015.

Average Pb concentration in Lower Creek water
0.018
0.016
0.014
0.012
0.01
0.008

Total Pb, mg/L

0.006
0.004

0 [ |

Pre-project Low flow Snowmelt Rainfall

Figure 5. Concentrations of total lead in Lower Creek water, averaged amdiogitisampling sites,
prior to andafter the restoration project. See Table 1 for dates of sampling events.
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The pattern described above was consistent among all four of the Lowek €aenpling sites (figure 6).
Site LCGWO0L, just downstream of thesithat was the main shooting area, had the highest post
project total lead concentration€).009 mg/Lwhich occurred during low flow and snowmelt runoff
conditions. These concentrations were about half the gmoject concentration, which was 0.017 mg/L
The rest of the posproject total lead concentrations were 0.002 mg/L or below.

Concentration of total lead in surface water,
pre and post
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Figure6. Concentration of total lead in surface water of Lower Creek prior to éedrastoration. The
horizontal axis represents stream location from upstream on the left to dogamston the right. The
yellow bars represent pxgroject concentrations and the remaining bars represent the three sampling
dates in this study. Bars with solid outlines indicate results reported dhdasthe indicated value.

Loadsof total lead inLower Creekvater, in terms of grams per day, after restoratiaveraged.2
percent of the load carried in Left Hand Creek water (figure 7.)

Average Pb load in Lower Creek and Left Hand
Creek

160
140
120
100

Pb load, g/day
N A O ®©
o O O O

o

Low flow Snowmelt Rainfall

m Lower Cr m Left Hand Cr

Figure 7. Loads of total lead in water from Lower Creek and Left Hand Creeksifimtion,averaged
among the sampling sites @achcreek.
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Concentrations of lead in bed sediments of Lower Creek showed arsaegiger decline from pre
restoration to postrestoration values, compared to concentrations in water (figure 8). e in
averag bedsediment lead concentration was about-ficgid.

Average Pb concentration in Lower Creek
streambed sediments

0 | I —

Pre-project Low flow Snowmelt Rainfall

Figure 8.Concentrations of lead in bed sediments of Lower Creek, averaged among the saitegling s
prior to and after the restoration. Py@oject average reflects 38 sampling sites; pastiect averages
reflect 2 sampling sites.

Concentrations and loads of suspended sediment in Lower Creek afteratistowvere much lower
than in Left Hand Creek. Concentrations of suspended sediment in Lovedr &eraged 2.7 percent of
concentrations in Lefdand Creek (figure 9). Loads of suspended sediment in Lower Creagexle
0.003 percent of loads in Left Hand Creek (figure 10.)

Average suspended sediment concentration in
Lower Cr and Left Hand Cr
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Figure 9. Concentrations of suspended sediment in water from Lower Creeftatand Creek after
restoration, averaged among the sampling sites on each creek.
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Average suspended sediment load in Lower Cr
and Left Hand Cr
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Figure 10. Loads of suspended sediment in water from Lower Creek and Left learaft€re
restoration, averaged among the sampling sites on each creek.

The visual assessmeppendix Ajesulted in an overall score of 84 out of 100 points, indicating good
channel and bankonditions The lowesscoring items on the assessment included:

Channel condition-evidence of past incisiolwanks somewhat unstable in some areas.
Bank conditior—unstable in a few areas.
X Riparian area quantity-much riparian vegetation was altered and removed during recreational
use and restoration; revegetaticappearsncomplete in some areas.
Riparian area qualifrsome spots poorly or unvegetated.
Canopy covervarialde, mostly altered and incomplete.
x Nutrient enrichment—some spots with floating green algae.

Discussion

Results from this study clearly demonstrate that the restoration projestiited in large decreasesf
about fourfold, in concentrations of lead in water from all four sampling sites in Lower CiEedre
was lIttle variationin lead concentration among the four Lower Creek sampling, sitdsoughsite LCE
SWO01, just downstream from the sitieat was the main shooting area, had higher concentratitvas
the other sites.

Pre-project lead concentrations in water averaged slightly above the ER#adetiel for lead in drinking
water (0.015 mg/L); all pogiroject lead concentrations in water were well below the action level. All
but 4 of the postproject lead concentrations in water weedsowell below the loweirColoradochronic
aguatic lifestandard for lead, which is 0.08 mg/L.

Leadloads in Lower Creekre miniscule compared to those irtt Hand Creekndicating thatLower
Creek is not a significant source of lead to Left Hand Creek.
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Lead concentrations in Lower Creek bed sedimentstisoved a large decreasellowing the
restoration project, averaging about ¥dld. Together with the concentrations in water, these results
clearly indicate hat the restoration project was successful in removing lead from LowekCre

Suspended sediment concentrations in Lower Creek are low comparedde ihdeft Hand Creek, even
under runoff conditions.Comparison of suspendeskdiment loads between the two creeks shows that
the load of suspended sediment from Lower Creek is insignificant in relatie toad in Left Hand
Creek.

The stream sual assessment results indicate that Lower Creek is in relatively good sitagmildl use
some additional stabilization ofie channel and banks in spoti addition, follow up revegetation
efforts would help increase the density and quality of riparian vegetation asdrera successfldng
term recovery ofLower CreekAppendix B)
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Appendix A
Stream Visual Assessment Protocol 2 Note Sheets
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Appendix B
Follow Up Revegetation Recommendations

Introduction

DuringDecember 2017, LWOG staff conducted a follow up site ssssg to document locations and
recommendations foadditionalrevegetation(Photos 16, Figure 1)The following summarizes
recommendations including revegetation areas, sutggkglant lists and quantities.

Assessment

During a December 2017 site visit, LWOG staff noted several areas wigssiutgermination (Photo
1), while other areas appear to require additional follow up revegetationtzh®5). Based on this,
staff mapped areasiineed of additional revegetatiodemarcatingsupplementakeeding locations as
well as riparian/wetland revegetation areas (Figureldaddition, one severely eroding bainkarea 2
(the most downstream of the excavated areaspuld be monitored usingrosion pins or similar
methodsto ensure erosion has stabilized and is not continuing tdrdaute sediment into Left Hand
Creekphoto 6)

Recommaded planting list and quantitider wetland plug plantings are included in tabldJISFS and
Trout Unlimted have already undertaken additialseeding efforts in areas 1 and 2 this past
spring/summer. LWOG staff recommends continuing to marthiese sites this spring to ensure
germination is successful and follow up next fall with additional seeding akedee

Riparian/Wetland&Gupplemental Planting Aredd/etland pugs and willows

Water was presenin the channel of Lower Creek along much of the riparian corridor in Decembeéy 201
indicating potential for wetland vegetation to grow and establish. Wetlargktagion will also help
stabilize sediments, improve and maintain water quality and improve habitaditons.We
recommendtargeting 50% of the mapped area for wetland plug planting, and planting irectust 34
plants at 4 foot spacing. For willows, we recommend targeting planting ino258¢ mapped area, and
targeting area with steep eroding banks. Planting the toe exfghese banks will allow for banks to be
stabilized in place, and will help lessen erosion and sediment flowing dmanst
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Table 1. Lower Creek Project Supplemental Wetland/Riparian Planting List

Latin Name Common Material Container Plant Notes # of
Name Type Size Spacing Plants

Trees Aim for planting steep

eroding banks. Revegetate

25% riparian areas
Salix cuttings | willows Cuttings N/A 12 feet 28
(use material
on site)
Graminoids Aim for 50% coverage in

riparian area. Primarily

concentrate plantings in

areas without willows.
Carex Nebraska | Containers 10 cubic 4 feet 100
nebrascensis | sedge inch
Juncus Mountain | Containers 10 cubic 4 feet 100
arcticus ssp. | rush inch
littoralis
Eleocharis common | Containers 10 cubic 4 feet 100
palustris spikerush inch
Total 328
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December 2017 Site Photos

Photo 1. Portions of Area One have excellent seed germination.

Photo 2. A large portion of Area One remaimsvegetated with poor germination success rates. This
area is recommended for additional seeding.
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Photo 3. Areas with steep eroding banks are recommendediltow plantings.

Photo 4. Riparian corridor is recommended for wetland plug planting todtalplize sediments
improve water quality and habitat potential.
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Photo 5. Area Two is still in need of seeding as previoumatte seed did not result in successful
germination.

Photo 6. This eroding bank exists near Area Two seeding areahdiiid se monitored using erosion
pins or similar to ensure erosion has stabilized and i<antinuing to contribute sediment into Left
Hand Creek.
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