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1.0 INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) has prepared this completion report in
response to the New Mexico Environment Department’s (NMED’s) approval of the “Work Plan and

Final Design for Stabilization of the Sandia Canyon Wetland” (LANL 2011, 207053; NMED 2011, 208094)
and in response to requirements set forth originally in NMED’s “Approval with Modification, Interim
Measures Work Plan for Stabilization of the Sandia Canyon Wetland” (NMED 2011, 203806). The “Interim
Measures Work Plan for Stabilization of the Sandia Canyon Wetland” (LANL 2011, 203454) was prepared
in response to NMED’s “Approval with Modification, Phase Il Investigation Work Plan for Sandia Canyon”
(NMED 2011, 111518). This completion report provides project goals and objectives, design and
performance criteria, and as-built drawings of the Sandia Canyon wetland grade-control structure. The
grade-control structure consists of three stepped sheet-pile walls that were constructed as a measure to

physically stabilize the Sandia Canyon wetland.

The overall project goals and objectives were to arrest the headcut in the lower portion of the wetland and
to maintain hydrologic and geochemical conditions to minimize contaminant migration. The project
consisted of installing three stepped sheet-pile walls to form a grade-control structure to stabilize the
headcut and allow a grade transition from the wetland surface upstream of the grade-control structure to
the stream grade near stream gage E123 (Figure 1). Design features should also allow reduction of
effluent in the canyon without compromising physical and geochemical function of the wetland. The area
behind the grade-control structure was backfilled and wetland vegetation was planted to allow expansion
of the wetland area. These measures will physically stabilize the wetland by reducing sediment and
associated contaminant transport into the lower sections of the canyon and should also maintain reducing
conditions within the wetland sediments, thus contributing to the goal of reducing potential contaminant
transport.

The wetland is located in reach S-2 of Sandia Canyon. The largest drainage contributing to the wetland
flows through a 72-in. corrugated metal pipe culvert a short distance upstream of the wetland. A single
stream channel is present within the upper one-third of the wetland, and wetland vegetation is established
on floodplains inset relative to older wetland surfaces. In the lower two-thirds of the wetland, surface
water is generally present across much of the width of the wetland. Prior to construction of the grade-
control structure, the terminus of the wetland had an active headcut. Willows had been planted in and
around the headcut but failed to stabilize it. Downstream of the wetland, the stream system enters a
narrow canyon reach and is stable, with bedrock exposed along much of the stream bed. Stream gage
E123 is located a short distance below the wetland.

2.0 ENGINEERING
21 Design Objectives
The grade-control structure was designed to meet the following objectives:

e Provide an even grade to allow wetland expansion and further stabilization
o Be sufficiently impervious to prevent the draining of alluvial soils

e Facilitate nonchannelized flow

e  Minimize erosion during large flow events

e Support wetland function under reduced effluent conditions
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2.2 Design Criteria
2.21 Base Flow Hydrology

Stream flow from combined effluent sources in Sandia Canyon has averaged approximately 250,000 to
350,000 gallons per day (gpd). These base flows feed the groundwater within the reach, providing
adequate hydrology and soil moisture conditions where the wetland vegetation can flourish.

2.2.2 Storm Flow Hydrology

A 25-yr, 2-h storm event with a peak design flow of 500 cubic feet per second was used for the design of
the grade-control structure as required by the Laboratory’s design guidance. The primary goal was to
reduce the stream velocity in the area of the grade-control structure to less than 6 ft per second. Design
parameters were determined using Hydrologic Engineering Center River Analysis System (HEC-RAS)
modeling. The hydrologic calculations can be found in Appendix A, and hydraulics calculations can be
found in Appendix B.

2.2.3 Water Balance

The wetland currently receives approximately 250,000 to 350,000 gpd of inflow from combined effluent
sources. To address the potential for reduced effluent volumes into Sandia Canyon, estimations of the
evapotranspiration (ET) across the wetland footprint was performed using Penman-Monteith equations.
Modeling indicates that the maximum 30-day ET is approximately 11 in. This results in an estimated
minimum effluent volume to maintain wetland vegetation in Sandia Canyon of approximately 30,000 gpd.

2.24 Design Features

The grade-control structure, as shown in the as-built drawings (Appendix C), transitions the grade
approximately 11 vertical feet from the elevation of the current wetland just upgradient of the former
headcut location to the natural stream bed just upstream of stream gage E123. To maintain grade and to
reduce the overall fill and size of a single structure, a set of three steel-sheet-pile walls was installed with
smaller elevation drops. Downstream of the third sheet-pile wall, a cascade pool was constructed of
boulders and cobbles to transition to the final grade.

Three sheet-pile walls were installed with the following design elements:

e The sheet piles were installed into 2-ft-deep trenches into bedrock. Trenches were backfilled to
the elevation of the bedrock with bentonite.

e Seep holes were cut into the sheet piles at consistent elevations across each sheet pile to
encourage smaller, braided channels through the restored sections of wetland to establish
vegetation.

e Stone splash pools were installed just downgradient of each sheet pile to prevent scour holes and
to slow the water.

e Sheet piles were capped with reinforced concrete curbs to provide a spillway to establish even
flows.

e A stone cascade and pool structure was installed downstream of the third sheet-pile wall to
complete the final transition into the native channel just upgradient of gage station E123.
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The walls are seated in bedrock to prevent groundwater from seeping through the structure as noted
above. The transition from the wetland above the grade-control structure to the stream channel below is
gradual, smooth, and in a stepped fashion to prevent erosive flows that could scour and destabilize the
stream reach below the structure. In addition, the stepped nature of the design reduces the risk of
catastrophic failure of the grade-control structure in the event of a localized failure. Engineered fill was
placed behind each wall to replace the area of the wetland that had been eroded. These areas were filled
to match the elevation of the surrounding wetland area to prevent the formation of pools behind the
grade-control walls. A variety of wetland species was planted in 18-in. of native top soil to stabilize the
wetland and expand the footprint.

23 Permitting
231 General

The Laboratory’s Design Engineering and Environmental Compliance groups performed a review of the
design model and the construction documents. Table 1 lists the permits and permissions that were
obtained to meet state and federal requirements.

23.2 Reporting

All monitoring data collected during the previous year will be submitted to NMED annually for up to 5 yrin
a Sandia Canyon performance monitoring report to be submitted by April 30 of each year. The report will
summarize alluvial, water level, and storm water monitoring data collected above and below the grade-
control structure. A series of repeat cross-section locations will be established in the upper portion of
reach S-2 and in the vicinity of the head location to document geomorphic changes. In addition, the
Laboratory will submit a yearly vegetation monitoring report to the U.S. Army Corps of Engineers
(USACE) for up to 3 yr by December 1 of each year. This is in support of the 401/404 Clean Water Act
Permit, which required annual vegetation transects, photographs from certain locations, and delineation
of wetland boundaries.

3.0 CONSTRUCTION
3.1 General

The Laboratory placed Portage, Inc., under contract in November 2012 to build the Sandia Canyon
grade-control structure. Construction of the Sandia Canyon grade-control structure began on

April 22, 2013, and the structure was substantially complete and functional on September 9, 2013. Site
stabilization activities were completed November 22, 2013, with demobilization completed

November 27, 2013. Appendix D presents photo documentation of the grade-control structures.

3.2 Safety and Health

Under the guidance and approval of the Laboratory, Portage developed and implemented an
environment, safety, and health (ES&H) plan to ensure the project met safety and health goals. In
addition to the ES&H plan, all site activities were analyzed and addressed within task-specific integrated
work documents (IWDs). Site personnel were subsequently trained to these IWDs prior to commencing
field activities. As a result of safe construction practices, there were no lost-time accidents or incidents
during the entire project.
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3.3 Quality Control

Under the guidance and approval of the Laboratory, Portage developed and implemented a quality
assurance plan to ensure the project met quality construction goals. In addition to the quality assurance
plan, Portage was also contractually obligated to develop and adhere to a project-specific test and
inspection plan that captured all project tests, inspections, and hold points. Finally, Portage assigned a
quality control inspector to oversee field activities and ensure project requirements were achieved.

34 Occurrences

Two major categories of events occurred during construction of the grade-control structure that impacted
the construction schedule. These events are the discovery of a tar-like substance during initial
excavations and significant flooding.

3.4.1 Tar-Like Substance

On May 16, 2013, the field crew notified Laboratory management that a black tar-like substance was
observed oozing out of the initial side cut of the second grade-control wall. Regulatory and technical
personnel visited the site, and the event was reported to Dave Cobrain at the NMED — Hazardous Waste
Bureau on May 16, 2013. A sample of the material was collected and analyzed for diesel-range organics
(DRO), total petroleum hydrocarbon (TPH), and semivolatile organic compounds (SW-846 U.S.
Environmental Protection Agency [EPA] Method 8270).

The personnel who received sample CASA-13-34678 at the Laboratory’s Sample Management Office
described it as wet, ground asphalt. Table 2 lists the analytes detected using SW-846 EPA Method 8270.

The analytes listed in Table 2 are all polycyclic aromatic hydrocarbons (PAHs) that are created from the
production of coal tar. Coal tar is a ready source of asphaltenes necessary for the production of asphalt.
Based on the description of this sample and the PAHs detected, this sample was almost certainly asphalt.
This sample was also analyzed for TPH-DRO. TPH-DRO measures total petroleum hydrocarbons with a
carbon range from C-10 through C-38, which includes the PAHSs listed above. The TPH-DRO detection of
11,000 mg/kg for sample CASA-13-34678 further verifies that this sample is coal tar—based asphailt.

Because the tar material was limited in extent, nonmobile, and within the boundaries of the grade-control
structure, the material was left in place and construction was continued. This event resulted in a 2-day
delay to the project schedule.

3.4.2 Rainfall and Flooding

Two significant rainfall events occurred during the construction phase and impacted the project schedule.
These events are described as follows:

1. On June 30, 2013, approximately 0.5 in. of rain fell on and around the construction site; water
traveled down Sandia Canyon and overcame the diversion pond but was stopped by the earthen
fill run-on control above the first sheet-pile wall of the grade-control structure. The site also
received heavy run-on from the Los Alamos County landfill diversion channel northeast of the
construction site. This run-on flooded all three grade-control structure trenches. No damage to the
structures occurred during this flooding, but significant efforts were required to dewater the site
and remove sediments received as a result of the run-on from the landfill. It took 1 wk to
reestablish the site and resume construction.
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2. During the week of September 10, 2013, the site was inundated with unprecedented rainfall.
Rainfall totals in some areas of the Laboratory exceeded 7 in. in a 1-wk time period, and much of
the rain fell during an extremely intense event that occurred between September 12 and 13, 2013.
These storm events were accompanied by record run-on, flooding, and erosion at the site.

On the morning of September 17, 2013, damage to the site was summarized as follows:

o The cascade pool lost roughly 25% of its boulders downstream.
e Roughly 75% of recently planted site-restoration plants were lost.
e The diversion pond overflowed, and some plastic lining was lost.
e Cobbles rolled downstream from the rock aprons.

¢ Roughly 600 cubic yards of material from the Los Alamos County landfill was deposited
between the first and second steel-sheet piles.

The second event resulted in significant delays to completing construction. Extensive repairs were
required, including the design and construction of best management practice (BMP) run-on control
structures (see Appendix E), repair of the sump pond and diversion system, replacement of boulders and
repair of the cascade pool liner, removal of deposited sediments and regrading, and replanting of the lost
plants. One month of work was required to recover from this event.

3.5  As-Built Drawings

A set of as-built drawings after construction for the grade-control structure can be found in Appendix C.

3.6 Photo Documentation

Photos of the grade-control structure can be found in Appendix D as well as photos of the run-on BMPs.

3.7 Deviations

The following deviation from the work plan occurred. NMED’s approval with modification of the interim
measures work plan required that “In the final design, the Permittees must propose to remove all post-
1942 alluvial sediments that are present within reach S-2 of Sandia Canyon below the grade-control
structure, and to place these sediments as fill behind the grade-control structure” (NMED 2011, 203806).

As previously discussed, the Sandia Wetland grade-control structure project was permitted under the
USACE Nationwide Permit (NWP) 38 for Cleanup of Hazardous and Toxic Waste (USACE 2013,
251704). The Laboratory pursued permission from the USACE to fulfill the NMED requirement (LANL
2013, 251705), but it was concluded that NWP 38 General Condition 6 would be violated by the
placement of sediments that contain toxic pollutants in toxic amounts into jurisdictional waters (USACE
2013, 251706). Thus, the Laboratory did not remove post-1942 alluvial sediments within reach S-2 of
Sandia Canyon and use them as fill behind the grade-control structure.
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Table 1
Permits and Permissions Obtained

Permit Agency

National Environmental Policy Act U.S. Department of Energy
Assessment

Section 7 Biological Assessment U.S. Department of Interior Fish and
Consultation under the Endangered Wildlife Service
Species Act

National Pollutant Discharge Elimination | EPA
System Construction General Permit

Section 404 NWP 38 for Cleanup of USACE
Hazardous and Toxic Waste under the
Clean Water Act

Section 401 Water Quality Certification NMED Surface Water Quality Bureau
Permit under the Clean Water Act

Table 2
Analytical Results for Sample CASA-13-34678
Using SW-846 EPA Method 8270

Analyte Name Result Units
Anthracene 18,000 ug/kg
Carbazole 3400 ua/kg
Dibenzofuran 21,000 pg/kg
Fluorene 9200 ua/kg
2-Methylnaphthalene 38,000 ug/kg
Naphthalene 8800 ug/kg
Phenanthrene 8300 ug/kg
Pyrene 5500 ug/kg
TPH-DRO 11,000 mg/kg
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Los Alamos Calculation Form
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37,9943
Purpose

To calculate peak discharges and storage volumes associated with the design of the Sandia
Canyon Wetland. Peak discharges were determined for the 25-year, 2-hour rainfall event.

Methodology

Software: The U.S. Army Corps of Engineers HEC-HMS software program was used to
determine peak discharges for the Sandia Canyon Wetland. Peak discharges were determined
at two design points within the drainage basin: one point located upgradient of the proposed
stilling basin and the other located at the existing stream gage E-123. Input into the HEC-HMS
model Is attached to this form.

Loss Method: The loss method used in the model was the National Resource Conservation
Service (NRCS) curve number (CN) method. The majority of the contributing drainage areas are
urbanized areas with a high degree of imperviousness. Therefore, a high CN was chosen for the
dralnage areas.

Time of Concentration: The times of concentration were determined using the TR-55 method
for determining sheet flow and shallow concentrated flow. Time of concentration calculations are
attached to this form. Supporting equations and tables from TR-55 are also attached to this form.

Precipation Data:
The most widely used public source of rainfall data is published by the National Oceanic and
Atmospheric Administration (NOAA). However, LANL has aiso collected approximately 20 years

of rainfall data at various rain gages within the LANL property boundary. LANL rainfall data was
used for this analysis rather than NOAA data for the following reasons:

] The U.S. Geological Survey (USGS) recommends a minimum of 10 years of rainfall data
for statistical analysis. LANL gage data spans a time period of 1990 to present and includes
years of both above and below average precipitation. Therefore, the data set meets the minimum
requirements for statistical analysis of rainfall data.

. NOAA data is typically based on regional rainfall values. However, because LANL is
located just east of the Jemez mountain range, precipitation values vary greatly within a short
distance. In addition, the NOAA precipitation data does not accurately present spatial variations
in precipitation data within a large reglon.

o Site-specific, local data Is a better indicator of actual site conditions.

Rainfall depths:

Data was analyzed for the two rain gages closest in location to the Sandia Canyon Wetland, rain
gage TA-8 and TA-53. Rainfall gage data were analyzed to estimate a 2-hour rainfall depth for
the Sandia Canyon Wetland. Gage TA-6 and TA-53 were analyzed separately using the Gumbel
Extreme Value Type 1 statistical distribution. The analysis was done using a spreadsheet with no
additional software. The greatest rainfall depth between TA-6 and TA-53 was chosen as the
design depth

Storm distributions:
The six largest storm events within the twenty year data record were evaluated for both rain
gages, giving a total of twelve actual storm events for the 2-hour storm. From those tweive

AP-341-605-FM02, R2 Page 2 of 4
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events, the distribution that produced the greatest peak discharge (the storm event with the
greatest intensity) was used as the design distribution.

All relevant back-up materials are attached to this caicualtion form.

3.0 Acceptance Criteria

Per the LANL Engineering Standards Manual (Chapter 3, Section G20), hydrologic analysis for
design of drainage features with in the LANL boundaries should use the rational method to
computer peak fiows from small dralnage areas (<5 acres). However, the rational method was
not used in this hydrologic analysis because of two reasons: (1.) the drainage area for the
Sandia Canyon Wetland is larger than 5 acres and (2.) the use of real LANL precipitation data to
generate the hydrograph was deemed more accurate for the analyses.

4.0 Open Items
There are no open items for hydrology.
5.0 Assumptions
¢ The drainage areas and flow paths were estimated using LANL topographic contour data.

o Assumed the most conservative (highest runoff producing) storm event from LANL rain
gage TA-53 as the storm distribution for the HEC-HMS model.

e Assumed the most conservative (highest runoff producing) storm event from LANL rain
gage TA-6 as the precipitation amount for the HEC-HMS model.

6.0 Limitations

Due to the uncertain nature of hydrology, all hydrologic analyses are. inherent to a certain amount
of error. Therefore, the calculations performed as part of the Sandia Canyon Wetland anlysis
leaned towards the conservative (highest runoff producing) side when at all possible.

7.0 Calculation Inputs
HEC-HMS inputs are attached to this form.
8.0 Computer Hardware and Software
U.S. Army Corps of Engineers HEC-HMS software, Version 3.3
9.0 Summary and Conclusions
Preliminary hydrologic output is attached to this form.
10.0 References

HEC website: http://www.hec.usace.army.mil/software/hec-hms/

United States Department of Agriculture, Technical Release 55 - Urban Hydrology for Small
Watersheds, June 1998,

11.0  Calculation

¢ Calculation 1: HEC-HMS model output (spreadsheet format)
Appendix — Supporting Information

o Drainage Area Map

AP-341-605-FM02, R2 Page 3 of 4
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HEC-HMS model input (spreadsheet format)
Applicable TR-55 Equations

LANL Rainfall data

Rainfali Distribution

O O 0 o
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Sandia Canyon Wetlands
Hydrologic Data
8/24/2011

T

~
S e
AR A

e ey e e ey

Descpt. Soil Group Cover CN Area (ft) |Area (mi’)
DAl NA Impervious NA asphauit/rock 98 DAl 6038460 0.2166
DA2 162 Hackroy-Nyjack D grass cover 86 DA2 9313880 0.3341
DA2 NA impervious NA asphault/rock 98
SSheet Flow 15torm Drain Flow
®n L) ®P2 (in) %s (ft/ft) %7t (hr) Te(min) | () |Pelev. ()] “s (/i) | Bvin/s)
DAl 0.011 300 1.39 0.050 0.051 3.07 3133 na 0.0125 2.5
DA2 0.011 300 1.39 0.050 0.051 3.07 3133 na 0.0125 2.5
Assumptions:

1.) CN generated based on land use and soil types within the drainage areas.
2.) S =(1000/CN) - 10
3.)1a=0.2"*S
4.) Drainage areas are mostly impervious (paved and/or gravel) landscape.
5.) Sheet flow travel time determined using TR-55 Sheet flow procedure
6.) Manning's n value for impervious area; n = 0.011 per TR-55, Table 3-1
7.) L = sheet flow travel length
8.) P2 = 2-year, 24-hour rainfall
9.) s = slope of hydraulic grade

10.) Tt = sheet flow travel time (TR-55 equation 3-3)

11.) Estimated Velocity of Storm Water in Storm Drain System

12.) L = shallow concentrated flow length

13.) elev = elevation drop along flow lenth




Sandia Canyon Wetlands
Hydrologic Data
8/24/2011

HECHMSOutput

-------
1 A i

Storm Basin Peak (cfs)
100-yr, 2-hr Stilling Basin 436.6
100-yr, 2-hr Stabllizatlon Structures 609.9
50-yr, 2-hr Stilling Basin 398.02
50-yr, 2-hr Stabilization Structures 555.7
25-yr, 2-hr Stilling Basin 357.3
25-yr, 2-hr Stabilization Structures 498.4
10-yr, 2-hr Stilling Basin 303.7
10-yr, 2-hr Stabilization Structures 422.9




Sandia Canyon Wetlands
Hydrologic Data
8/24/2011

TA-6 (2-hour)




2-hour Distribution”

TA-53 Event #2, Aug. 2007
100-year Storm
Month Day Year Hour Minute | Prep 15 min (in) | Event Time | Distribution | Cum. Prep (in) | Inc. Prep (in)
0 0 0 0
9 20 2007 8 45 0.23 15 0.167883212] 0.342481752 | 0.34248175
9 20 2007 9 0 0.3 30 0.386861314] 0.78919708 | 0.44671533
9 20 2007 9 15 0.02 45 0.401459854] 0.818978102 | 0.02978102
9 20 2007 9 30 0.82 60 1 2.04 1.2210219
9 20 2007 9 45 0 75 1 2.04 0
9 20 2007 10 0 0 90 1 2.04 0
9 20 2007 10 15 0 105 1 2.04 0
9 20 2007 10 30 0 120 1 2.04 0




Chapter 3 Time of Concentration and Travel Time Technical Release 55
Urban Hydrology for Small Watersheds
Sheet flow For sheet flow of less than 300 feet, use Manning's

Sheet flow is flow over plane surfaces. It usually
occurs in the headwater of streams. With sheet flow,
the friction value (Manning’s n) is an effective rough-
ness coefficient that includes the effect of raindrop
impact; drag over the plane surface; obstacles such as
litter, crop ridges, and rocks; and erosion and trans-
portation of sediment. These n values are for very
shallow flow depths of about 0.1 foot or so. Table 3-1
gives Manning's n values for sheet flow for various
surface conditions.

Table 3-1 Roughness coefficients (Manning’s n) for
E— sheet flow

Surface description ny
Smooth surfaces (concrete, asphalt,
gravel, or bare soil) 0.011
Fallow (no residue) 0.06
Cultivated soils:
Residue cover $20% 0.06
Residue cover >20% 0.17
Grass:
Short grass prairie 0.16
Dense grasses ¢ 0.24
Bermudagrass . 0.41
Range (natural) 0.13
Woods:¥
Light underbrush 0.40
Dense underbrush 0.80
! The n values are a composite of information compiled by Engman
(1985).

2 Includes species such as weeping lovegrass, bluegrass, buffalo
grass, blue grama grass, and native grass mixtures.

3 When selecting n , consider cover to a height of about 0.1 ft. This
is the only part of the plant cover that will obstruct sheet flow.

kinematic solution (Overtop and Meadows 1876) to
compute T,:

7. _ 0007(nL)"® st
e e h
(P2 )0.6 04 leq ]
where:
T, = travel time (hr),
n = Manning’s roughness coefficient (table 3-1)
L =flowlength (ft)

P; = 2-year, 24-hour rainfall (in)
s = slope of hydraulic grade line
(land slope, ft/ft)

This simplified form of the Manning’s kinematic solu-
tion is based on the following: (1) shallow steady
uniform flow, (2) constant intensity of rainfall excess
(that part of a rain available for runoff), (3) rainfall
duration of 24 hours, and (4) minor effect of infiltra-
tion on travel time. Rainfall depth can be obtained
from appendix B.

Shallow concentrated flow

After a maximum of 300 feet, sheet flow usually be-
comes shallow concentrated flow. The average veloc-
ity for this flow can be determined from figure 3-1, in
which average velocity is a function of watercourse
slope and type of channel. For slopes less than 0.006
ft/ft, use equations given in appendix F for figure 3-1.
Tillage can affect the direction of shallow concen-
trated flow. Flow may not always be directly down the
watershed slope if tillage runs across the slope.

After determining average velocity in figure 3-1, use
equation 3-1 to estimate travel time for the shallow
concentrated flow segment.

Open channels

Open channels are assumed to begin where surveyed
cross section information has been obtained, where
channels are visible on aerial photographs, or where
blue lines (indicating streams) appear on United States
Geological Survey (USGS) quadrangle sheets.
Manning's equation or water surface profile informa-
tion can be used to estimate average flow velocity.
Average flow velocity is usually determined for bank-
full elevation.

(210-VI-TR-55, Second Ed., June 1986) 3-3



Chapter 3

Time of Concentration and Travel Time

Technical Release 65
Urban Hydrology for Small Watersheds

Figure 3-1
]

3-2

Average velocities for estimating travel time for shallow concentrated flow

Watercourse slope (ft/ft)

.50

.20

10

.02

.01

Average velocity (ft/sec)

(210-VI-TR-55, Second Ed., June 1988)




Appendix B

Sandia Canyon Wetland Hydraulics
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Purpose

Calculate hydraulic profile and flow characteristics including velocity and shear for flow In the
channel through the wetland area with proposed stilling basin and drop structures.

Methodology

The hydraulic profile is based on a step-backwater calculation analysis using the HEC-RAS
software. The channel configuration and stream channel sections at hydraulic structures are as
shown on the Drawings. Calculations include both pre- and post-construction runs to compare
water surface elevations, flow velocities and channel shear.

Acceptance Criteria

The criteria used for evaluating the effectiveness of the design are outiined in Section 2.5 of the
Design memorandum, and were developed by the Design Team and LANL staff to meet the goal
of reducing sediment transport to the lower portion of Sandia Canyon from the wetland area.

Open Items

Final design development of the concepts presented in the Design Memorandum still need to be
completed, with complete detalils and final hydraulic analysis to confirm the performance of the
system under design flow conditions.

Assumptions

Tailwater water surface elevation is the primary variable that cannot be measured for design flow
conditions, or is not empirically modeled. Tailwater is assumed based on nornal water surface
elevation for the existing downstream channel section at design flow.

Limitations

The hydraulics analysis uses the 25-year design storm. Performance of the drop structures and
plunge pool for higher flow rates (longer return periods) is not predicted.

The analysis is a steady state analysis based on the design configuration. The analysis is based
on static flow conditions over a period of time, and includes conservative assumptions to
minimize under-design. In the field, sediment transport and potentially unstable boundary layer
conditions create flow patterns. These conditions may require a much more complex dynamic
analysis to Increase the accuracy of the model resuits, but may only result in a minor change in
system performance.

Calcuiation inputs

HEC-RAS (Hydraulic profile) - Hydraulic analysis inputs are the channel cross-section, channel
slope, Manning’s n-value, design discharge and starting water surface elevation at the
downstream end where the improvements transition back into the existing channel. Flows are
based on the results of the hydrologic analysis of the drainage basin. The design storm is the 25-
year, 2-hour storm.

Design Note No. 6 (Plunge pool) — Inputs include the characteristics and configuration of the
discharge pipe upstream of the plunge pool, flow discharge, information on the riprap and
bedding used, and the side and end slopes of the pool. Again, the design storm is the 25-year, 2-
hour storm.

AP-341-605-FM02, R2 Page 2 of 3
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8.0 Computer Hardware and Software
U.S. Army Corps of Engineers HEC-HMS software

Natural Resources Conservation Service, Engineering Division

“Riprap Lined Plunge Pool for Cantilever Outlet” - Design Note No. 6 (2nd Edition), Jan. 23, 1986

Spreadsheet developed by D. Hurtz, Midwest NTC, 1/80, modified by M. Dreischmeier, Eau
Clalre TC, Wis., 3/98 and 5/2005

9.0 Summary and Conclusions

The calculations show that the grade control structure and stilling basin will be stable and reduce
energy and erosive forces locally.

10.0 References
HEC website: http://www.hec.usace.army.mil/software/hec-ras.

11.0  Calculations
e Calculation 1 — Hydraulic profile for study channel reach (HEC-RAS)
e Calculation 2 — Plunge pool structure sizing — NRCS Design Note No. 8

AP-341-605-FM02, R2 Page 3 of 3
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Propesed Conditions Sids Existing

[RiverSta | Profils | QTotal | Min Ch E1] W.S. Elev] Vel il | Shoar Chan | RiverSta| Profiie | QTotal | Min Ch 1| W.S. Elev| Vel Chnl Chan| Cangsin | Crangein |

{ch) | () | () | (/g | (W/sqh) (L] M 1 (rf) 1 [jsqh) | velocky | Shesr
45985 | 254 | 4984 | 721079 | 721855 | 6.16 177 | 45985 | 2547 | 4984 | 721079 | 721454 | 619 179 003 002
45985 | 200chs | 200 | 721079 | 721357 | 508 134 | asa8s | 200ck | 200 | 721079 | 721356 | 5.a3 137 905 .03
417.48 | 25y | 4884 | 721037 | 721352 919 448 | a17.48 | 25yr | 4984 | 721037 | 721355 | 904 | a3 01s 015
417.48 | 200cks | 200 | 721037 | 721288 | 637 237 | 41748 | 200k | 200 | 721037 | 721292 | 635 22 022 017
36049 | 25yr | 984 | 7210.67| 72129 | 448 115 | 36049 | 25yr | 4384 | 721067 | 721285 | 465 125 017 a1
360.49 | 200cfs | 200 | 7210.67 | 721219 339 | 078 | 35049 | 200cks | 200 | 721067 | 721213 | 363 [X) 2 012
349.06° | 254r | 4984 | 721082 | 721275 | 457 121 = = = = = = =
349.06° | 200cfs | 200 | 7210.82 | 721202 | 352 0.85 — = = = = = =

F: e e
33197 | 25yr | 4584 | 721069 | 721256 | 476 106 | 33197 | 25w | 438.4 | 721008 | 72 s12 154 0.86 048
33197 | 200cfs | 200 | 721069 721185| 283 055 | 33157 | 200k | 200 | 721008 72117 | 363 09 08 035
31164 | 254r | 4984 | 721054 | 721231| 504 148 | 31164 | 25yr | 4384 | 720912 | 721166 758 347 254 .99
31164 | 200ch | 200 | 721054 | 721164 | 3.2 [T 31164 | 200k | 200 | 720812 | 721113 | 552 2.08 21 128
29858 | 25yr | 4984 | 721044 | 721218 | &65 127 | 29858 | 254r | 4984 | 720487 | 721021 | 64 182 1485 055
29858 | 200cs | 200 | 721044 | 721152 | 3.;2 072 | 29858 | 200cts | 200 | 720487 | 72085 | 443 112 ain 04
28598 | 25yr | 4984 | 721034 | 721204 | 4.49 119 | 28598 | 254r | 438.4 | 720452 | 720927 | 894 441 445 322
2858 | 200cks | 200 | 721034 | 721139 | 3.09 0.66 | 28598 | 200k | 200 | 720452 | 7207.65 | 757 352 248 286
27362 | 254 | 4984 | 721025 | 721291 | 398 035 | 27362 | 254r | 4984 | 720832 | 720967 | 3863 067 035 028
27362 | 200cts | 200 | 721035 | 721127 | 273 052 | 273.62 | 200ck | 200 | 720432 | 72084 | 356 | 081 -083 029
25833 | 254r | 4984 | 721034 | 721176 | 4.06 099 | 25833 | 2547 | 4984 | 720313 | 720967 | 298 | o041 108 058
25833 | 200cks | 200 | 721034 | 72118 | 278 055 | 25833 | 200ck | 200 | 720313 | 720086 | 222 | 028 056 027
of first drop structure
2415° | 254 | 984 | 721001 | 721118 | 565 214 = = = = = = =
2415° | 200cfs | 200 | 7210.01 | 721063 | 445 164 = — — — = = =
2605 | 254v | @984 | 720001 | 721138 | 3e2 07 — —= — = — —
2405 | 200cfs | 200 | 7209.01 | 7210.46 | 255 041 = = = = = =
23813 | 25yr | e84 | 720899 721136 | 361 060 | 23813 | 25y | 4984 | 720339 [ 720965 | 2.74 034 0.87 033
23813 | 200cfs | 200 | 7208.99 | 721045 | 249 035 | 23813 | 200cks | 200 | 720339 | 720783 | 202 023 047 0.16
21754 | 25y | 4384 | 720884 | 721094 | 593 195 | 21754 | 25yr | 488 | 7203.06 | 7209.45 | 4.6 08 177 115
21754 | 200cs | 200 | 720884 721019 | 3.94 099 | 21754 | 200cfs | 200 | 720306 | 7207.m1 | 234 047 1 052
18936 | 5w | 4984 | 720862 | 721059 | 602 205 | 18936 | 25yr | 4384 [ 720328 72081 | 93 431 328 22
189.36 | 200cfs | 200 | 7208.62 | 72099 | 4.01 105 | 18936 | 200cfs | 200 | 720338 | 72072 | 533 159 %) 054
Crest of second drap structure | oty 1
17305 | 254w | as84 | 72085 | 720975 | 834 [T} = = = = = = —
17305° | 200c/s | 200 | 72085 | 720319 625 YY) = = = = = = =
17205 | 25yv | 4984 | 72075 | 720982 | 539 155 - - — — — — -
17205 | 200cks | 200 | 72075 | 720894 | 3.2 091 = = — = = — =
16731 | 25yr | a984 | 720746 | 7209.79 | 5.6 142 | 16731 as34_| 720284 | 720796 | 791 307 Z75 165
16731 | 200cis | 200 | 720746 | 72089 | 37 086 | 167.31 | 200ck | 200 | 720284 | 720655 | 679 n -3.09 -1.86
0286 136

14715 | 254yr | 4984 | 7207.31 | 720945 | 556 17 147.15 | 2547 | 4984 | 720062 | 720028 | 822 3.53 -266 183
14715 | 200cis | 200 | 7207.31 | 720864 | 383 094 | 14715 | 200ch | 200 | 720262 | 720628 | s.45 18 162 -0.85




. Conditions
River Sta | Profile | Q Total | Wiin Ch €] W.S. Elev] Vel Gl | Shear Chan | RiverSta | Profile | QVotal | Min Ch EI] W.S. Blev] Vel Chnl | ShoarChan| Chongein | Changein
i T o | m | ECZTH B T ) [ [/sq®) | Velocty | Shear
12695 | 2547 | 4984 | 7207.16 | 7209.09 | 5.3 193 | 12695 | 25y | assa | 72034 | 720735 | so2 176 ) 0.7
12695 | 200cfs | 200 | 720736 | 720835 | 4 107 12695 | 200cks | 200 | 72034 | 720615 | 4.8 104 0.18 0.03
of %
11538° [ 254 | 4984 | 720707 | 72085 | 769 R = = = = = = =
115.38° | 200cfs | 200 | 7207.07 | 720786 | 5.69 7 = = = = = = =
| 200cfs | 200 | 7207.07 | 2
| 10662 | 254yr | 4984 | 7206191720774 | 7.78 | 37 | 10662 | 25yr | 4384 | 720257} 720724 539 | 148 239 222 |
10652 | 200cfs | 200 | 720619 | 720706 | 577 246 | 10662 | 200cks | 200 | 720257 | 720598 | 4.16 1.06 161 14
_200_ | 7206.19 | 7207.06 | 246 [ 200cts | 200 | 7202 16
8615 | 2541 | assa 15 | 720678 | 81 342 | 8615 | 25y | 4984 | 720072 | 720679 | 682 229 128 113
8615 | 200cks | 200 | 720415 | 720571 643 2.58 8.15 | 200cfs | 200 | 7202.72 | 720559 | a 14 148 118
of RG] PRSI e [ ) e T,
%DEL 4984 | 720357 | 720686 | 6.67 218 - - - = = = =
80.3855%| 200cfs | 200 | 7203.57 | 720568 | 522 156 = = = = =5 = =
7638 a98.4_| 7203.87 | 720647 | 808 333 = = = = = = =
76.38 | 200cfs | 200 | 7203.57 | 720536 | 6.68 2.77 = = o = = = =
75.88 4984 | 720207 | 7206.74 | 5.45 135 = = = == = a5
7588 | 200cs | 200 | 720207 | 720545 | 352 0.64 = = = = = = =
702 4984 | 7199.01 | 7206.85 | 3.78 061 = = = = = = =
702 | 200cfs | 200 | 7199.01 | 720553 | 2.08 02 = — = = — = =
6553 | 25yr | 4984 | 7199.01 | 720689 | 361 056 6553 | 254r | 4984 | 720168 | 720677 | 565 153 204 057
§5.53 | 200cks | 200 | 7199.01 | 720553 | 198 019 | €553 | 200cks | 200 | 720168 | 7205.43 | 4.53 114 288 095
5038 | 25y | 4984 {7199.01] 720686 364 058 = - - = = - =
50.38 | 200cts | 200 | 7199.01 | 720552 | 199 0.19 = = ]oi= = = £ —
4638 | 25y | 4984 | 720101 | 7206.74 | 447 035 = - = = = = =
4638_| 200cts | 200 | 7201.01| 72054 | 331 06 = = = = = = =
4481 | 25y | assa | 720102 | 720673 | 454 099 4491 | 25y | o84 | 720102 | 720673 | 454 059 0 0
2491 | 200cfs | 200 | 7201.02 | 720538 | 3.44 0.67 @9 | 200cs | 200 | 7201.02 | 720538 | 3.4 0.67 ] 0
3491 | 200cfs | | 720538 .67 | 200cfs | | 7205.38
| 2428 | 254 | 4984 | 720068 | 720657 | 4.85 113 2428 | 25yr | 4384 | 7200.68 | 7206.57 | 4.85 113 0 0
2428 | 200cfs | 200 | 720068 | 720526 | 35 068 | 2428 | 200ck | 200_| 720068 | 720526 | 35 0.68 0 0
366 | 25yr | 4984 | 7200.73 | 720604 | 7.53 269 | 366 | 25yr | 4984 | 720073 | 720604 7.53 2.69 (] 9
386 | o0cis | 200 | 720073 | 720485 534 153 | 366 | 200ck | 200 | 720073 | 720489 | s34 153 0 0
7.9 | 25yr | 4984 | 720029 | 72057 | 7178 301 4799 | 25yv | 4984 | 720029 | 72057 | 798 3.01 0 0
1799 | 200cfs | 200 | 720029 | 720441 | 639 234 1799 | 200ch | 200 | 720029 | 7204.41| 639 | 234 0 0
4907 | 54r | as84 | 7200.11 | 720488 | 536 4.27 4907 | 25yr | 4984 | 720011 720488 | 936 | 427 0 0
29,07 | z00cfs | 200 | 720011 720385 | 662 | 234 29.07 | 200cks | 200 | 720011 | 720385 | 6.62 234 0 o
-98.93 25-yr 4_28.‘ 7188.22 | 7204.17 758 3.01 -98.93 ﬂ 498.4 7199.22 I_73.!!4.17 7.98 3.01 0 0
-58.93 | 200cfs | 200 | 7199.22 | 720277 | 7.39 2.91 9893 | 200cks | 200 | 7199.22 | 7202.77 | 7.39 291 0 0
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RIPRAP LINED PLUNGE POOL FOR CANTILEVER OUTLET (Version 5/2005)
(Reference Design Note No. 6 (Second Edition), Jan. 23, 1986

JOB: Sandia Wetiand Plunge Pool Calculation
DESIGNER: Carl McDonald Date: DR
CHECKER: Jim O'Neil! Date:
INPUT DATA:
Conduit Diameter D= 7.00 ft
Conduit Discharge: Q= 35730 cfs
Conduit Slope at Outlet: S= 0.00 fift
Conduit O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>