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Subject: Transmittal of Revised Long-Term Surveillance Plan for the U.S. Department of
Energy Lakeview Uranium Mill Tailings Disposal Site, Lakeview, Oregon

Dear Mr. Gillen:
Enclosed are four copies of the subject plan for your agency’s review and approval.

The DOE revised the plan to incorporate a recalculated critical diameter for rock armor on the
west side slope. Other revisions were made to the plan to make it consistent with a format that
has evolved over the past 15 years and that has been accepted by the NRC.

The quality of the riprap on the Lakeview cell cover has been an issue since construction of the
facility. The DOE has observed a gradual decrease in median diameter of the rock. The original
design calculations of required median diameter were conservative, and the riprap is now at the
lower end of the range of sizes calculated to be able to withstand the erosive force of a probable
maximum precipitation event.

The DOE has reevaluated the critical rock size for this application, in consultation with NRC.
The current design guidance allows use of one-half of a probable maximum precipitation event
as the impulse. Also, the reevaluation accounts for loss of erosive energy from surface rugosity
and loss of run-off volume from infiltration, whereas the original calculation considered the
surface to be smooth and impermeable. The revised critical median diameter is 1.8 inches, as
contrasted to the previous median diameter requirement of 2.7 inches.

If you have any questions, please call me at (970) 248-6037 with questions, or e-mail me at
akleinrath@gjo.doe.gov.
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Art Kleinrath
Program Manager
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1.0 Introduction

1.1 Purpose

This Long-Term Surveillance Plan (LTSP) explains how the U.S. Department of Energy (DOE).
as the long-term custodian, will meet requirements of the general license for the Lakeview
uranium mill tailings disposal site, Lakeview, Oregon. (Note: Some references cited in '
Section 4.0 of this revised LTSP refer to the Lakeview disposal site as the Collins Ranch site. an
informal designation no longer used.)

1.2 Legal and Regulatory Requirements

The Uranium Mill Tailings Radiation Control Act (UMTR‘CAA), of 1978, as amended. provides
for the remediation and regulation of uranium mill tailings at two categories of uranium mill

sites, Title I and Title II. Title I sites, such as Lakeview, are former uranium mill sites unlicensed
and essentially abandoned as of January 1, 1978. Title Il sites are uranium mill sites under’
specific license on January 1, 1978. In both cases. the licensing agency is the U.S. Nuclear
Regulatory Commission (NRC), or in the case of certain Title I sites. an Agreement State.

Federal regulations at Title 10 Code of Federal Regulations (CFR) Part 40.27 provide for the
licensing, custody, and long-term care of uranium mill tailings disposal sites remediated under
Title I of UMTRCA.

A general license is issued by the NRC for the long-term custody and care of such sites. Long-
term care includes institutional control, inspection. monitoring, maintenance, and other measures
to ensure that the sites continue to protect public health. safety. and the environment after
remediation is completed.

The general license becomes effective when a site-specific LTSP receives NRC concurrence.
The original LTSP for the Lakeview site (DOE 1994) received NRC concurrence on
September 15, 1995 (Appendix F).

Requirements at 10 CFR 40.27 for the LTSP and for the long-term surveillance and maintenance
of the Lakeview site are listed in Table 1-1 in this revised LTSP.

Table 1-1. Requirements for the Long-Term Surveillance Plan and the Long-Term Surveillance and
Maintenance of the Lakeview Disposal Site

Requirements for the LTSP

No Requirement This LTSP
1 Final site conditions Section 20
2 Legal description of the site Appendix B
3 Long-term surveillance program Section3 0
4. Follow-up Inspections Section 3 4
5. Maintenance and other actions Section 3 5, Appendix D

Requirements for Long-Term Surveillance and Maintenance

No Requirement This LTSP
1. Changes to the LTSP Section 31
2 Permanent NRC nght-of-entry Section 3.1
3 Notification of significant problems or actions Section 3.6

DOE“Grand Junction Office i ~ LTSP tor Lakeview, Oregon, Disposal Site

August 2002 Page 1-1



The plans, procedures, and specifications in this revised LTSP are based on the guirdance
document, Guidance for Implementing the Long-Term Surveillance Program for UMTRCA
Title I and Title Il Disposal Sites (DOE 2000). Rationale and procedures 1n the gurdance
document are considered part of this revised LTSP.

1.3 Role of the U.S. Department of Energy

In 1988, the DOE designated the Grand Junction Office (GJO) to be the program office for the
long-term surveillance and maintenance of all DOE remedial action project disposal sites. as well
as other sites as assigned, and to be the common office for the surveillance. monitoring.
maintenance. and institutional control of these sites. The DOE established the Long-Term
Surveillance and Maintenance (LTSM) Program at GJO to carry out this responsibilitv.

The LTSM Program is responsible for the implementation and revision of the LTSP
(Section 3.1).

LTSP for Lakeview. Oregon, Disposal Site DOL Grand Junction Otfice
Page 1-2 August 2002




2.0 Final Site Conditions .. SR

2.1 Site History

The Lakeview disposal site is a relocated site in that tailings and other contaminated materials
were moved (relocated) from the former millsite area to a remote disposal site that met remedial
action objectives for long-term safety and isolation (DOE 1989a). The former millsite was .
approximately 1 mile north of the town of Lakeview. The disposal site is 11.1 miles by,road
northwest of Lakeview. Millsite history is described below. The disposal site is described in
Sections'2:2and 2.3. * B T R

4

The Lakeéview uranium processing mill was built by the Lakeview Mining Company in 1958 and
began operating that year. Uranium ore came from the White King and Lucky Lass mines. both
approximately 16 road miles northwest of Lakeview, Oregon.

The owneérs of the Lakeview mill also owned the Gunnison Mining Company, which operated
the uranium mill at Gunnison. Colorado. Both mills were acquired in 1961 by Kerr-McGee Oil
Industries through its subsidiary Kermac Nuclear Fuels Corporation. Between 1960 and 1968.
the mill had five owners. ‘ g C o

From 1958 to 1961, there were 130,000 tons of ore processed at the Lakeview Mill. The rated
capacity of the mill was 210 tons per day. Uranium ore was processed by a sodium chlorate and
sulfuric acid leach process. .
In 1968, the Lakeview mill was acquired at Atlantic Richfield Company. In 1974. Atlantic
Richfield began a cleanup operation at the mill under a plan approved by the Oregon State
Health Division: The cleanup was completed in 1977 to meet state requirements for control of
radiation. Both mill buildings and immediate surroundings were involved in the cleanup and _
decontamination.

In 1978. Atlantic Richfield sold the property by the Precision Pine Lumber Company, which
used the site and buildings as a lumber mill. The property was sold to Goose Lake Lumber
Company in 1987, although Precision Pine Lumber continued to own title fo the uranium mill
tailings on site. (The tailings pile and evaporation ponds were approximately 2000 feet.west of
the former mill buildings.) e T

The Lakeview mill site was designated for cleanup under UMTRCA in 1978. Remedial action
began in 1986 and was completed three years later in 1989. During this remedial action,
926,000 cubic yards (736,000 dry tons) of contaminated material from the tailings pile,
evaporation ponds, buildings, and wind- and water-borne deposits were removed from the mill
site and carried by truck to the Lakeview disposal site on the Collins Ranch northwest of the
Lakeview, Oregon. Windblown materials on property adjacent to the former mill site were
included in this removal.

Further information on millsite history is in Ford, Bacon, and Davis 1977; DOE 1985; and
DOE 1992: and in additional references cited in these documents.

DOEGrand Junction Oftice o LTSP tor Lakeview, Oregon; Dispusal Sute
August 2002 ’ Page 2-1
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2.2 Area Description

The Lakeview disposal site is in Lake County. Oregon. approximately 7 miles northwest of the
town of Lakeview (Figure 2-1).

The site is within the northwestern part of the basin and range province. a large physiographic
region characterized by north and northwest-trending normal faults. The site is on the western
edge of the Goose Lake graben, a down-dropped fault block.

The area immediately surrounding the site is ranch land (Collins Ranch) at an elevation of

4,900 to 5,000 feet. Mountains to the north and west are in the Fremont National Forest where
summits reach elevations of more than 8,000 feet. Immediately north of the site. Augur Hill rnises
to an elevation of 5,029 feet.

Vegetation at the site comprises sagebrush. other brushy plants. and grasses. The meadow below
the site to the west is grassy. At elevations just a few hundred feed above the site, vegetation
consists of a ponderosa pine community.

The site is 1n the eastern Oregon high desert in the rain shadow of the Cascade Mountains. The
climate is semiarid with 16 inches of annual precipitation including 61 inches of snow. Most
precipitation falls in the nine months of fall, winter, and spring. Summers are relatively dry.

Based on information from the Lakeview airport. the nearest weather station. mean temperature
extremes range from a daily low of 20°F in January to a daily maximum of 83"F in July

(DOE 1985a). Average wind speed is 7.5 miles per hour, predominantly out of the south.
Topography and elevation are understood to affect the local climate at the site. The site probably
receives more wind and 1s both colder in winter and perhaps shightly cooler 1in summer than at
the Lakeview atrport weather station.

2.3 Site Description

2.3.1 Legal Description

Pursuant to Section 104 of UMTRCA., the State of Oregon acquured the site from a private
interest through civil action suit. This acquisition provided a 40-acre site and perpetual access to
the site across the Collins Ranch from County Road 2-16B. The legal description of the site and
a brief history of the acquisition are in Appendix B. The site boundary 1s shown on Figure 2-2.

LTSP tor Lakeview, Oregon, Disposal Site DOL-Grand Junction Otfice
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2.3.2 Location and Access

Directions to the site follow. See also Figure 2-1.

Mileage Route
00 Junction of U.S. Highway 395 and State Highway 140 north of the Lakeview commercial
district
45 Junction with Highway 140 East Continue north
63 Turn left (west) on County Road 2-16
71 Goose Lake County landfill on the right

90 Cross Cox Creek

955 Turn right (north) on County Road 2-16B

100 Turn left (west) on site access road

10.2 Cattle guard and cable across road Open cable gate continue west (By arrangement with
) Collins Ranch, DOE has a lock on the cable gate.)

10.9 Turn night (north)

11.1 Entrance gate in southeast fence line

Although DOE has permanent and unrestricted access to the site (DOE 1994). an access protocol
is established with the owner of Collins Ranch. DOE will have its own lock on the cable gate
(see mileage table above) and will advise the ranch by telephone or mail prior to each site visit.
The point of contact, address, and telephone number will appear in the inspection checklist
(Appendix C). (Land ownership and contact information are ephemeral. Should ownership or
contact information change, this will be noted in the checklist.)

2.3.3 Site Description

Features described in this LTSP are shown on Figure 2-2.

Disposal Site. The site comprises 39.6 acres on a hill slope that faces west. The disposal cell
itself is 1n the approximate center of the disposal site. Land around the disposal cell is covered
with sagebrush, other bushy plants. and grass. Some of the vegetation 1+ ~atural (although
modified by grazing), and some was planted during final stages of remedia! action.

Disposal Cell. The disposal site contains 736.000 dry tons of mill tailings Radioactivity within
the disposal cell is 42 curies of radium-226.

The disposal cell comprises 16.05 acres and is roughly rectangular in outline. It extends

1,100 feet from north to south and 800 feet from east to west. The east side of the cell begins at
the top of a drainage divide and slopes downward toward Camp Creck valley on the west. The
top of the disposal cell is at an elevation of 4.967 feet: the bottom is at an elevation of
approximately 4,900 feet. The “footprint™ of the disposal cell. as discussed below. 1s at an
elevation of 4,880 feet.

The top of the disposal cell is relatively flat but designed to shed runoff to the west at a
2-to-4-percent grade. The side slope on the west is steeper with a grade of 5:1.

The disposal cell is a surface impoundment but it is constructed partly below grade, as indicated
in Figure 2-3.

LTSP tor Lakeview, Oregon, Disposal Site DOL Grand Junction Oftice
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Two drainage features are incorporated in the design of the disposal cell. The first is a large
drainage channel that wraps around the disposal cell on the north and northwest. This channel
diverts run-on from Augur Hill. and some of the run-off from the northern part of the disposal
cell, into the natural drainage (Camp Creek) west of the site. At the lower end of this drainage
channel. the channel widens and flattens into a basin-like feature lined with very large diameter
rock. This is an energy dissipation area (EDA).

The second drainage feature is a series of five trench drains. Two of these drains are at the mouth
of the EDA, and three are along the apron at the base of the side slope of the disposal cell. The
trench drams are essentially rock-filled ditches that collect run-off. divert it away from the
disposal cell, and disperse it across the low-lying meadow west of the disposal cell.

As stated above, the disposal cell is partly below grade (Figure 2-3). During construction. a
footprint as much as 40 feet deep was excavated in the side of the hill to increase the capacity of
the disposal cell and to reduce the above-grade profile of the cell.

The footprint was lined with a highly compacted layer of natural silt and clay soil obtained from
the disposal site excavation (DOE 1992). This liner is 2-feet thick. On construction drawings it is
referred to as a geochemical and seepage flow barrier. The liner has high neutralization.
adsorption, and ion exchange capacity to restrict and attenuate downward movement of
contaminants through the bottom of the disposal cell. The liner was compacted to achieve a
hydraulic conductivity value of 1 x 107 centimeters per second (cnV/s) to prevent seepage into the
underlying unsaturated sediments (Section 2.4.1).

Tailings were placed on top of this liner. The tailings were covered with another engineered
barrier, the cover.

The cover consists of two layers: a lower radon-and-infiltration barrier and upper rock-and-fi lter
layer. The rock-and-filter layer is composed of two sub-layers, sand at the bottom and riprap at
the top.

The lowest layer in the cover is éhighly compacted radon-and-infiltration barrier (radon barrier).
It rests directly on the underlying tailings. The radon barrier is approximately 1.5-feet thick and
constructed of the same natural silt and clay soils used for the footprint liner.

Like the liner, the radon barrier was compacted to achieve a hydraulic conductivity of less than

1 x 107 cm/s. The purpose of this very low permeability is (1) to prevent release of high levels
of radon to the atmosphere (radon flux); and (2) to prevent infiltration of precipitation through
the cover. The tight compaction also helps to keep the radon barrier from drymg out. Moisture in
the radon barrier further retards the movement of radon through the cover. (Within the disposal
cell, less contaminated materials from the evaporation ponds'and windblown deposits were

placed over the more contaminated mill tailings as an additional control on upward movement of

radon.)

The radon barrier is overlain énd protected by a 1.5-foot-thick rock-and-filter layer. At the
bottom of the rock-and-filter layer is a sub-layer of sand 0.5-foot thick (filter layer). This highly
permeable layer is to protect the radon barrier from erosion and to provide a means of shedding
runoff rapidly from the disposal cell with minimal infiltration.

LTSP tor Lakeview, Oregon, Disposal Site DOE Grand Junction Oftice
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Above the sandy filter layer is a 1-foot-thick laver of coarse riprap. The riprap prevents erosion
from large or severe storms. Thé’rﬁégiian diameter (Ds) of the r_if),fh;i? as installed. was 2.7 inches
(range: 2.7 to 3.9 inches). (Dsgis a measure such that 50 percent of the'rock by weight is a certain
size or larger.) Rock of this size was calculated to be sufficient to prevent erosion in the event of
a flood from a Probable Maximum Precipitation (PMP) event. (PMP is a theoretically “worst’
possible” storm. As a theoretically worst possible storm. the probability of occurrence is -
extremely small.) Since the disposal cell was completed in-1989. surficial weathering has caused
some of the riprap to break. For response to this issue. see Sections 3.3.2 and 3.5.

On the relatively flat top of the disposal cell. the riprap was covered with a thin layer of soil.
perhaps 4-to-6-inches deep. The cover on top of the disposal cell is therefore referred to in
remedial action documents as a rock-soil matrix. Subsequent small excavations in the rock-soil
matrix; performed as part of cover performance studies by the Long-Term Performance (LTP)
Project, showed that at some places the soil has settled into the interstices of the underlving
riprap. At other places, the soil still partially covers the riprap. The addition of a soil on top of
the disposal cell was not part of the original design. :

Purpose of the rock-soil matrix was apparently twofold: first. to protect against erosion by
reducing runoff; and second. to improve the aesthetics of the site. Reducing runoff to the side ~
slope of the disposal cell would preclude channelized or concentrated runoff at locations along
the top of the side slope where there may have been low spots in the cover. This precaution
against concentrated runoff apparently allowed smaller diameter Tiprap to be placed on the side
slope of the disposal cell (DOE 1989b). The rock-soil matrix appears to be working i this
respect. - '

The second objective of the rock-soil matrix was to support various range grasses to make the
disposal cell appear more natural. The effort to establish grass on the rock-soil matrix. for the
most part, failed. Only a sparse cover of grass was achieved. The soil placéd over the riprap was
too thin to hold sufficient moisture to support the grass. Since then sagebrush. rabbitbrush,
bitterbrush, and similar deep-rooted bushes have begun to establish on top of the disposal‘cell.
Grass remains sparse.

2.3.4 Institutional Control g

Institutional controls at the disposal site consist of (1) federal ownership (withdrawal) of the land
and permanent access to the site; (2) warning signs: and (3) a barbed-wire stock fence. The site is
remote, surrounded by private land, and generally inaccessible to the general public. The site is
not visible from public roads. ’ - : :

. s

2.3.5 Specific Site Surveillance Features )
Specifications for construction of the features described in this section are'in the initial LTSP
(DOE 1994) and guidance ‘document (DOE 2000b). Coordinates on Plate] for boundarj
monuments, survey monuments, and site markers were confirmed by a‘global positioning system
in 1999. ) o e :

Fence. A stock fence encloses the site. The fence is, from place to place. either a standard’
4-strand barbed-wiré fence or a combination of woven and barbed wire. The entrance gate is a

DOE:Grand Juncuon Oftice ) LTSP for Lakeview, Oregon, Disposal Site
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tubular metal. double-swing gate at the end of the access road. This gate is near the middle of the
southeastern fence.line. *° . -

Boundarv Monuments. There are three permanent boundary monuments. They are at the
northwest corner of the site (BM-1), southwest corner (BM-2), and south-southeast comner
(BM-3) of the site. Boundary monuments are Berntsen Model A-1 federal aluminum survey
monuments. Ceramic magnets in the top and bottom of each Model A-1 monument allow the
monuments to be located by metal detector if they ever become buried. The bottom of boundary
monuments is at a depth of 3 feet to prevent displacement from frost heaving.

Survey Monuments. There are three permanent survey monuments. Two of the three. SM-1 and
SM-2, are at the northeast and east-southeast corners of the site, respectively. The third survey
monument, SM-3, is well inside the site boundary south of the disposal cell. Survey monuments
are Berntsen RT-1 markers set in concrete. The bottom of the concrete is at a depth of 3 feet,
sufficient to prevent displacement from frost heaving. Four steel reinforcing bars (rebar) in the
concrete will allow the monuments to be located by metal detector if they ever become buried.
The survey monuments are referenced to the U.S. Coast and Geodetic Survey triangulation
station on the top of Augur Hill immediately north of the site.

Boundary monuments and the two survey monuments along the boundary are not at exact
corners, but are set just inside the boundary at each corner.

Site Markers. Site markers are unpollshed granite monuments, SMK-1 is just north of the ,
entrance gate. SMK-2 is on top of the disposal cell near the center. The markers are inscribed
with a diagram to show the site boundary and location of the disposal cell inside the site
boundary, the date of closure (June 29, 1988), the quantity of tailings (736,000 dry tons), and the
level of radioactivity (42 curies of radium-226).

Signs. Twelve perimeter (warning) signs and an entrance sign are mounted on steel posts along
the site boundary. The signs are metal placards, similar in size to hlohway signs. The sign posts
are set in concrete.

Perimeter signs state that the site is a uranium mill tailings repository, U.S. government property.
and no trespassing allowed. The international symbol for radioactive materials (trefoil) on the
signs warns of the potential hazard, although there is no hazard as long as the engineered cover
over the tailings remains intact.

An entrance sign is posted at the entrance gate. This sign provides the same information as the .
perimeter signs but has, in addition, a 24-hour telephone number for the public to use in case of
emergencies or inquiry (970-248-6070).

Settlement Plates. There are four settlement plates in a line from east to west across the middle of
the disposal cell. They were installed to monitor settlement immediately following construction
of the disposal cell. Settlement, as measured, was 0.3 inch or less and was considered
insignificant. Monitoring was terminated before the site was licensed. The settlement plates are
artifacts of construction and no longer monitored or maintained.

Monitor Wells. See Section 3.7.1.
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24 Ground Water and Suxjface Water

AT I

2.4.1 Geology L

The Lakeview site is underlain by as much as 1,000 feet of unconsolidated-to-consolidated - - 3
Quaternary sediments. Depth to bedrock is unknown but believed to be greater than 1.000 feet {
based on information from the eastern edge of the Goose Lake Basin (DOE 1994).

Stratigraphy beneath the site is'described in general terms in the various remedial action
documents (e.g., DOE 1985b. 1992. and 1994). The eastern portion of the site is said to rest on a
series of interbedded sands. silts, and fat or highly plastic lacustrine clays that together may be
more than 1,000-feet thick. Finer grained materials predominate in the upper 150 feet of this
sequence with coarser sediments beneath. It is suggested that the eastern part of the site may rest
on a pediment surface. ’ e ) S
Sand and gravelly deposits underlie the western part of the site. These coarser. gravelly ' ‘
sediments may represent a remnant stream terrace or alluvial fan deposit. The location and nature

of the contact between the finer-grained deposits that underlie the site on the east’and the more

gravelly deposits that underlie the site on the West is Tiot defined. !
The different sedimentary facies are interpreted to be fluvial and lacustrinein origin. The clays
are described as lacustrine. Attempts during site characterization to correlate specific'lithologic
units between boreholes were unsuccessful due to the complexity of the stratigraphy beneath the :
site. |

2.4.2 Hydrology

During site characterization. 16 boreholes were drilled to depths of 22 to 125 feet (DOE 1994).
Nine of these boreholes were completed as monitor wells.

Information from these 16 boreholes was used to define ground water conditions at the site. The
series of gravels. sands, silts. and clays. described above, constitute the uppermost aquifer. This
aquifer is referred to in the original LTSP (DOE 1994) as the "lacustrine aquifer.” based on the

interpretation that the sediments were deposited in or around a large lake. the remnant of which

would be the present-day Goose Lake.

During site characterization, depth to the water table ranged from 10 feet along Camp Creek
valley west of the site to as much as 75 feet at the southern edge of the site. Silt, silty sand, and
clay-rich sediments beneath the disposal cell were unsaturated to a depth of at least 40 feet. More
recent measurements suggest that depth to the water table may vary from place to place and be as ‘
shallow as 20 feet. This zone of unsaturated sediments provides a natural barrier between the

disposal cell and regional ground water.

Ground water flows from northwest to southeast under unconfined to semi-confined conditions
(Figure 2—4). Ground water recharge is primarily regional with little or no recharge through soils
or unsaturated sediments near the site, although Camp Creek undoubtedly loses some water that
may reach the unconfined aquifer. Recharge occurs along silty or sandy layers on or between
clay-rich layers.

DOE. Grand Junction Office LTSP tor Lakeview, Oregon, Disposal Site
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Discharge is to surface drainages southeast of the site and ultimately to Goose Lake. Ground
water may be discharged to irrigation wells downgradient from the site.

2.4.3 Surface Water

1

Camp Creek flows in;the small valley about 3.000 feet west of the site and at an elevation about
50 feet lower. It is a small stream with a catchment above the site of only about 13 square miles.
Because of the difference in elevation and small size of the catchment basin. flooding along this
creek is not a credible risk to the site.

2.4.4 Water Quality

Water quality at thé Lakeview diéposal site is described in the site characterization report ‘
(DOE 1985b) and in the original LTSP (DOE 1994). Ground water was uncontaminated before
the disposal cell was built and it remains uncontaminated. ‘

The LTSM Prdgram‘moqitofé ground water on an every-ﬁftﬂ-yéér basis (Section 3.7). Results of
monitoring are in annual reports to NRC on the same evéry-ﬁfth-year basis (Section 3.3.5). The
LTSM Program began monitoring in 1999, five years after the disposal site was licensed. The
first report to include results of ground water monitoring was the 1999 annual report

(DOE 2000a).
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3.0 Long-Term Surveillance Program - -~ .. =

3.1 General License for Long-Term Custody C S -
With NRC concurrence in the original LTSP (DOE 1994 and Appendix F). the site was included
under the general license for long-term custody [10 CFR 40.27(b)).

Although sites remediated under UMTRCA are designed and constructed to last “for up to
1,000 years, to the extent reasonably achievable. and. in any case. for at least 200 years™ -
[40 CFR 192, Subpart A, 192.02(a)], there is no termination of the gene{al license for DOE’s
long-term custody of these sites [10 CFR 40.27(b)].. .

When DOE determines that revision of the LTSP is necessary, DOE will notify NRC. Changes
to the LTSP may not conflict with the requirements of the general license (Section 3.2). '

Additionally, DOE must guarantee NRC permanent right-of-entry to the site so that NRC may
conduct site inspections. Access to the Lakeview site is described in Section 2320 :
3.2 Requirements of the General License ™ - -

r
oy -

Requirements of the general license are at 10 CFR 4027 and 10 C FR 40.~Apinend1x A -
Criterion 12. The requirements of the general license and the sections in this LTSP where each is
addressed are listed in Table 3-1. - : : -

Table 3-1. Requirements of the Qenqral License and DOE Responsé;z“ﬂ

Requirement Response, This LTSP -
1 Annual site inspection - . Section 33
2. Annual inspection repont Section335
3. Follow-up inspections and follow-up Inspection reports, as necessary ‘Section 34 -
4 Site maintenance, as necessary Section 3.5
5 Emergency measures In the event of catastrophe Section 3 6
6 Environmental monitonng, If required. ) - . B » ~Section 37 -

3.3 Annual Site Inspection

3.3.1 Frequency ofInspection'

<

At a minimum, sites must be inspected annually to confirm the integrity of visible features at the
site and to determine the need, if any, for maintenance, additional inspections, or monitoring’
(10 CFR 40, Appendix A, Criterion 12). e e .
To meet the inspection requirement, DOE will inspect the site once each calendar year. The date
of the inspection may vary from year to year, but DOE will endeavor to inspect the site once

every 12 months unless circumstances warrant variance. The variance will be explained in the
inspection report. DOE will notify NRC of thé anhual inspection at least 30 days in advance.

DOE’Grand Junction Office a LTSP tor Lakeview, Oregon. Disposal Site
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3.3.2 Inspection Procedure. T \

%

To ensure a thorough and uniform inspection. the site is divided into areas called transects.
Transects for the inspection of the Lakeview site are listed in Table 3-2 and shown in
Figure 3-1. L

Table 3-2. Transects Used During Inspection of the Lakeview Disposal Site

Transect - o - 2 Description :
Top of disposal celt - Relatively flat area on top of the disposal cell covered by the rock-soil matrix

.Includes:
1 Rip-rap covered side slope of the disposal cell.

Side slope of disposal cell 2 Gradation tests on side slope nprap (Appendix D)
gprgcfjf::'ated drainage 3. North drainage channel and EDA.
. 4. Re-photography of selected large diameter rocks in the EDA.
5. _Trench drains along the west side of the disposal cell.
Remainder of the site. Includes: .

Area between disposal cell 1. Site boundary, fence, and penimeter signs.
and site boundary . 2. On-site areas disturbed during remedia! action and subsequently
including stock fence » regraded and vegetated.

) 3. On-site areas undisturbed and naturally vegetated
Outlying area Area within 0.25 mile of the site boundary

Each transect inside the site is visually inspected during a walk-over. Within each transect.
inspectors examine specific site surveillance features; such as survey and boundary monuments.
signs, site markers, and other features listed in Sections 2.3.5 and 3:3.3 and in the Checklist, |
(Appendix C). Inspectors also examine each transect for maintenance requirements. success of
previous maintenance, and for erosion, settling, slumping, plant or animal encroachment. human
intrusion or vandalism, and other activity or phenomenon that'might affect the safety. integrity,
long-term performance, or institutional control of the site. -

Inspectors will note changes within 0.25 mile of the site. Changes that might be significant
include new development, changes in land use. and erosion or instability of slopes around the
site.

Inspectors will use photographs, as necessary, to support or supplement written observations.

The tendency of some of the rock in the riprap on the side slope to break was first noted by
inspectors during a pre-licensing site inspection in 1995. The breakage is due to natural
weathering processes. Subsequently, a procedure was developed to measure changes in the
median or D5y size of the riprap over time (Appendix D). This procedure (gradation testing) was
implemented in 1997 and is repeated annually, usually during the annual site inspection. Results
of gradation testing will be in the annual report to NRC (Section 3.3.5).

3.3.3 Inspection Checklist

Inspectors are briefed, and the inspection checklist is réviewed before the annual inspection.
A sample checklist is provided in Appendix C. The checklist includes:

J Specific site surveillance features to be inspected

. Routine observations to be made
. Special issues or problems to be observed and evaluated
LTSP for Lakeview, Oregon. Disposal Site DO Grand Junction Office
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The inspection checklist is reviewed annually and. if necessary, revised to reflect changes or new
conditions at the site. The checklist is accompanied by a copy of the Project Safetv Plan

(DOE 2001). This plan includes general and site-specific health and safety requirements for the
inspection, including a list of local medical and emergency services (Section 3.10).

3.3.4 Personnel

A team of two or more inspectors performs annual inspections. Inspectors are trained and
experienced scientists and engineers. Training includes participation in previous site inspections.

Engineers will typically be civil, geotechnical, or geological engineers. Scientists will typically
be geologists, hydrologists, biologists. or environmental scientists. The inspection team will be
selected on the basis of skills and experience appropriate to the issues or concems at the site. If
serious or unique problems develop at the site. additional inspectors, specialized in specific
fields, may be assigned to the inspection team.

3.3.5 Annual Inspection Report

Results of the annual inspection will be reported to NRC within 90 days of the last Title I site
inspection in the calendar year (10 CFR 40, Appendix A. Criterion 12). In the event that the
report cannot be submitted in accordance with 10 CFR 40, DOE will notify NRC. Annual reports
are available to the public and other agencies.

3.4 Follow-Up Inspections
Follow-up inspections are in response to significantly new or changed conditions at the site.

3.4.1 Criteria for Follow-Up Inspections

Criteria for follow-up inspections are at 10 CFR 40.27(b)(4). DOE will conduct a follow -up
inspection when:

1. A condition is identified during the annual inspection (or other site visit) that requires
personnel, perhaps with special expertise, to return to the site to evaluate the condition.

_I\J

DOE is notified by a citizen or outside agency that conditions at the site are
substantially changed.

With respect to citizens and outside agencies, DOE will establish and maintain lines of
communication with Collins Ranch, local police, and emergency response agencies to facilitate
notification in the event of significant trespass, vandalism. or natural disaster. These agencies
will be requested to notify DOE or provide information should a significant event occur that
might affect the security or integrity of the site.

DOE may request the assistance of local agencies to confirm the seriousness of a condition
before conducting a follow-up inspection or emergency response.

LTSP tor Lakeview, Oregon, Disposal Site DOE: Grand Junction Office
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The public may use the 24-hou_r~DiQE telephone number posted prgm;i‘nc_erl'gly on the entrance sign
to request information or to report a problem at the site (Section 2.3.5). B
Once a new or changed condition is identified. DOE will evaluate the information arv\d‘deﬁtenﬁine
whether a follow-up inspection is warranted. Conditions that. may require a routine follow-up .
inspection include changes in vegetation. erosion. storm damage. low-impact human intrusion.-
minor vandalism, or the need to evaluate, design. or perform maintenance projects. )

Conditions that threaten the safety of the site or the integrity of the disposal cell may require a
more urgent follow-up inspection. Slope failure. disastrous storm. major seismic event. and
deliberate human intrusion are among these conditions. - * " T

’ - 3

DOE will use a graded approach with respect to follow-up inspections. Urgency will be
proportional to the potential seriousness of the condition. For example, a follow-up inspection to
investigate vegetation may be postponed until a particular time during the growing season. A
follow-up inspection to evaluate erosion may be scheduled to avoid snow cover.

In the event of “unusual damage or disruption” (10 CFR 40, Appendix A, Criterion 12). damage
that may compromise or threaten the safety, security, or integrity ‘of the site, DOE will .

-

. Notify NRC pursuant to 10 CFR 40, Appendix A, Criterion 12, or 10 CFR 40.60. - -
whichever is determined to apply:

(Y

. Begin DOE’s internal occurrence notification process (DOE Order 232.1AY):
. Respond ‘with an immediate follow-up inspection or emergency response team:
€ B L - T _ [ SRR B

o Implement emergency measures, as necessary, to prevent or contain exposure or excursion
of radioactive materials (Section 3.6). o ’ - <

¢

3.4.2 Personnel X

DOE will assign inspectors to follow-up inspections on the same basis as the annual site -
inspection (see Section 3.4). - ’ .- ST -

3.4.3 Reports _ - ‘ . ' v -

H

Results of routine follow-up inspections will be included in the annual inspection report to NRC
(Section 3.3.5). Separate reports will not be issued unless DOE determines that is it aglvisable to
notify NRC and other agencies of a potentially Serious problem at the'site. | -

If follow-up inspections are required for more urgent reasons. DOE will-submit-a preliminary
report of the follow-up inspection to NRC within the 60-day period required by 10 CFR 40,
Appendix A, Criterion 12. - :
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3.5 Site Maintenance "’

Sites remediated under UMTRCA are designed and constructed so that “ongoing active
maintenance is not necessary to preserve isolation” of radioactive material (10 CFR 40.
Appendix A, Criterion 12). No recurrent “active” maintenance is required at the Lakeview site.
although minor repairs are needed from time to time.

Minor maintenance required in the past and likely to be required in the future includes repair of
broken wires in the fence and replacement of perimeter signs. In 2000, small gullies downslope
from the trench drains were filled with rock to prevent further erosion. Should continued

gradation tests (Section 3.2.2 and Appendix D) and subsequent risk assessment indicate that the
riprap on the side slope no longer meets design objectives, a large-scale repair may be required.

Routine maintenance completed during the previous 12 months will be summarized in the annual

inspection report (Section 3.3.5).

3.6 Emergency Response

Emergency response is action DOE will take in response to “unusual damage or disruption™
that threatens or compromises site safety, security, or integrity (10 CFR 40, Appendix A,
Criterion 12). »

3.6.1 Criteria for Emergency Response

Conceptually, there is a

[

(R
continuum in the progression from small-scale, minor, routine

maintenance (Section 3.4) to large-scale intervention that might include reconstruction of the
disposal cell following an unlikely disaster. Although required by 10 CFR 40.27(b)(5). criteria
for initiating specific responses to progressively more serious problems are not easily established
because the spectrum and scale of all potential problems is,unforeseeable. The information in
Table 3-3 is a guide to the actions DOE may make in response to increasingly serious problems.

Table 3-3. Cnteria for Emergency Response

Priority Event Example "DOE Response
1. Notfy NRC
2. Conduct immediate follow-up
1 Breach of containment with excursion fSa'g: fla%?ga%f“?:;::g rg?g inspection by DOE emergency
Urgent of contaminated matenals are c'1|spersed response team
3 Recover radioactive materials.
4 Reparr side slope
Side slope of disposal cell ; ggﬁgusﬁgmemate follow-u
Breach of containment without fails. or failure 1s imminent. "up
2 excursion of contaminated matertals. | Radioactive matenals are Inspection by DOE emergency
not dispersed response team.
3 Reparr side slope.
N Riprap on side slope 1.  Perform risk assessment
Cover materials no longer meet continues to weather and- | 2.  If nsk unacceptable, design for
3 design specifications. no longer meets design reparr.
objectives. 3. Complete repair
a Breach of site secunty with or without | Willful human intrusion or Restore securnty
4 excavation or removal of materials. significant vandalism Harden secunity as necessary
Minor vandalism, fence
5 Minor problems, small-scale repairs, unaesirable Routine maintenance
Routine | changes. changes in vegetation.

*Prionity is highly dependent upon scale and on-site evaluation
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The table shows that the differericé between routine maintenance and various emergency -
responses is primarily one of risk or urgency. Priorities are listed in the table in inverse order
relative to the probability of occurrence of the problem. The highest priority responses are the
least likely to be required. : ) ;

3.6.2 ‘Notification

In accordance with 10 CFR 40.60, DOE will r‘\c')tify:'

Uranium Recovery and Low-Level Waste Branch T o
Division of Waste Management i

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission . .. .. . .

within 4 hours of discovery of a Priority 1 or 2 event in Table 3-3. The telephone number for the
NRC Operations Center is: 301-816-5100. - ~ -

3.6.3 Procedure for Emergency Response : S o

In the event of a Priority 1 or 2 event, an emergency response team will assess the damage and
decide whether evaluation of the problem is required or if immediate intervention (additional
remedial action) is essential. This decision will be based on the emergency team's evaluation of
the adequacy of the damaged feature to perform its intended function. - =~
To make this decision, the emergency response team will assess and evaluate the following. The
evaluation may include risk analysis. o )

1. Adequacy of the design specification(s) for the damaged feature to control or .

accommodate the observed problem(s). ' o

[oqMEpTIEY

Extent of the damage, degradation. or departure from the design (or as-built condition) of
the damaged feature. - ° ' DR n S )

I

3. Ability of the feature, in its damaged condition. to withstand a design-basis event. -

F I

DOE will provide NRC with a clear, technical explanation for its decision to study and evaluate
or intervene with additional remedial action (DOE 2000b).

7

3.7 Environmental Mopitofin‘g." R

" SOOI ST S
Ground water monitoring is the only monitoring required at the Lakeview site. -

.. “ . - -
N ' - " B 4 3 N {
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3.7.1 Ground Water Monitoring
. . fap O MY s P .
As a best management practice, DOE will monitor ground water at the Lakeview site for a period

of time to demonstrate that the initial performance of the disposal cell meets design
requirements. T e .

R

et
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Monitoring, as established by the initial LTSP (DOE 1994), will be every 5 years at | upgradient
and 8 downgradient monitor wells (Table 3—4 and Figure 2-3). The downgradient wells are
approximately 50 feet downgradient from the edge of the disposal cell to provide early detection
should the disposal cell no longer perform as an effective containment system. The downgradient
wells are in four pairs. In each pair, one well is screened at shallow depth (approximately

100 feet) and one deeper (approximately 150 feet). The upgradient well. MW=05135. is screened
at approximately 100 feet, and is used as a reference and to detect changes in regional
(upgradient) ground water chemistry.

Table 3-4. Ground Water Sampling Locations at the Lakeview, Oregon, Disposal Site

. Screened
Well Location Depth, feet
MW-0602 Downgradient 100
MW-0609 Downgradient 150
MW-0603 Downgradient 100
MW-0608 Downgradient 150
MW-0604 Downgradient 100
MW-0607 Downgradrent 150
MW-0605 T Downgradient 100
MW-0606 Downgradient 150

When the wells are sampled, water levels will be measured to detect changes that may occur as a
result of long-term weather patterns.

Samples will be analyzed for standard water quality indicators, field parameters. and three
specific analytes: arsenic, cadmium, and uranium. .

After every 5-year monitoring event. results will be evaluated and the frequency of monitoring
may be modified. When DOE determines that further monitoring is no longer required, this
LTSP will be revised (Section 3.1) and all wells will be decommissioned in accordance with
state ground water protection requirements.

Ground water was extensively studied during site characterization. Data from site
characterization is summarized in the initial LTSP (DOE 1994). Ground water in the uppermost
aquifer is characterized as calcium-bicarbonate type. Total dissolved solids (TDS) range from
92 to 252 milligrams per liter (mg/L), pH from 5.83 to 8.24. and the Eh is generally oxidizing.

In 1995, the Environmental Protection Agency (EPA) established ground water standards for
potential contaminants associated with uranium mill tailings. These standards, or maximum
concentration limits (MCLs), are at 40 CFR 192.04.

Results from site characterization showed that background ground water at the Lakeview
disposal site is uncontaminated with respect to contaminants with MCLs, although arsenic and
selenium did barely exceed their respective MCL on at least one occasion (DOE 1994). In all

LTSP for Lakeview. Oregon, Disposal Site DOE/Grand Juncuion Oftice
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. other instances. the concentration of potential contaminants with MCLs is below the MCL value.
and in most cases below laboratory detection limits. in background ground water samples.- -

- ¢ . Lo T et T ‘ [ PRSI PP
Pore fluids from the mill tailings also were characterized during remedial action. Pore fluids
represent a possible worst-case leachate that might escape from the disposal cell. Of the
13 constituenis méasured in thé pore fluids, each with an MCL. mean values for three exceeded
their respective MCL: ‘arsenic, cadmium, and uranium. These three constituents are therefore
target analytes for evaluating the initial performance of the disposal cell. Results of monitoring

for these three constituents since the disposal cell was closed in 1989 are presented in Table 3-5.

Table 3-5. Results of Monitoring for Target Analytes, Lakeview, Oregon, Disposal Site, 1 989-1999

-

- Arsenic -, Cadmium . Uranium

Well Location - MCL=0.05 - | = McCL=0.01" " ‘MCL = 0.044°
_ MW-0515 . Upgradient 001U°-0.011 0.001 U°-0001 | 0001U°-0001
Mw-0602 Downgradient, shallow Dry well, no results Dry well, no results | " Dry well, no results
MW-0603 - Downgradient, shallow " | Dry well, no results Dry well, no results’ | - Dry well no results
MW-0604 Downgradient, shallow Dry well, no results Dry well; no results *-| -Dry well, no results
MW-0605 Downgradient, shallow Dry well, no results Dry well, no results Dry well, no results
MW-0606 Downgradient, deep 00143002 : |- 0001U . - |. 0.001U-0003
MW-0607 - |i' Downgradient,'deep ~00072~0.014 . .0001U - -| -0.001U-0003
MW-0608 .| - Downgradient, deep 001U-0007. - . 0OO001U - . |i 0001U-0003
MwW-0609 ! Downgradient, deep 0.01U-0001 - . 0.001U - 0.001 U-0.001
3all results in milligrams per iter, mg/L RN TN - e te ] T
U = Below laboratory detection hmit ' =, T - .

Results over the 10-year period since closure of the disposal cell. 1989-1999, show no
significant differences between upgradient and downgradient wells. All results are near or below
laboratory detection limits. ‘ ' o ‘ '

t .

B

3.7.2 Reporfs of Ground Water Monitoring

i

Results of future ground water monitoring will be in the annual report to NRC (Section 3.3.5).
Results of each 5-year evaluation of the monitorinig will be in the annual report or reported
separately. ST

L Ry
Qa0

3.8 Records

O ¢

The LTSM Program maintains select site records at the GJO facility. These records have been
chosen because they contain critical information needed to ensure the continued management
and the follow-on actions and controls (including property management) required to protect
public hez}lth_ and the environment and to demonstrate compliance with applicable legal
requirements. This stewardship record collection does not include information pertaining to
employee and/or public health'and safety considérations with respect to former site operations.
(Note: The DOE Albuquerque Operations Office is responsible for personnel inquiries for staff
working on the DOE remediation of the siter) o e

¢
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The stewardship collection is indexed and integrated into the LTSM Program files and databases.
The records and select site-specific references at the GJO are managed using the GJO records
system, and geographical and environmental data is managed using a separate electronic
database. Refer to the LTSM Working File Index for guidance on management of the collection.

Access and Retrieval—The records at the GJO are available to the LTSM site steward as well
as all stakeholders. Key site documents (e.g.. closure reports, environmental assessments. fact
sheets, records of decision, inspections, and long-term surveillance plans) and site
mapping/environmental data (e.g., boundaries. structures, and wells) are viewable from the
LTSM website.

Pre-Stewardship Record Collection—The pre-stewardship collectlon created during site.
remediation (known as the AL UMTRA Surface Collection) was created and managed by the
DOE Albuquerque Operations Office. Select portions of the AL UMTRA Surface C ollection
were transferred to the GJO for commued use by the LTSM site steward, and the remainder of
the collection was transferred to the Rocky Mountain region of the national archives and federal
records center in Denyer Colorado

_ The Rocky Mountain region of national archives and federal records center in Denver. Colorado,
is currently the designated archive facility for the Lakeview site records created during
remediation and long-term stewards_hlp of the site. To facilitate retrieval of records after site
operations cease and because the greatest repository of site knowledge rests with the site
steward, the LTSM Program will obtain copies of the of box and file indices (as available) and
Records Transmittal and Receipt forms (SF 135) for the site. These indices and the SF 135s will
be retained with the site stewardship collection.

Currently permission to access those site documents which reside in the federal records center
must be obtained from the DOE Albuquerque Operations Office. The LTSM Program will work
with the DOE Albuquerque Operations Office to ensure that the LTSM site steward is included
in the concurrence for the destruction of any temporary records.

Regulatory Requirements—LTSM Program records are maintained in full comphance with
DOE requirements:

1. DOE Order 200.1, Information Management Program

2. 36 CFR Parts 1220-1236, National Archives and Records Administration

E

3.9 Quality Ass_u‘rén’ce

The long-term care of the Lakev1ew site and all activities related to the annual surv eillance,
monitoring, and mamtenance of the site comply with DOE Order 414 1A, Quality Assurance
(QA) and ANSI/ASQC E4-1994. Specifications and Guidelines for Quality Svstems Jor
Environmental Data Collection and Environmental Technology Programs (American Society for
Quality Control 1994).

QA requirements are transmitted to subcontractors through procurement documents if and when
appropriate.

LTSP for Lakeview, Oregon, Disposal Site DOE Grand Junction Otfice
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3.10 Health and Safety

LTSM activities are conducted in accordance with health and safety procedures established for
the LTSM Program and are consistent with DOE orders. regulations. codes, and standards.

Health and safety concerns specific to work at the Lakeview site are in the Long-Term
Surveillance and Maintenance Program Project Sufery Plan (DOE 2001). This plan contains a
list of emergency telephone numbers and addresses for local fire, hospital, ambulance. and police
or sheriff agencies, as well as a map to the nearest emergency medical facility. Personnel are
briefed on health and safety requirements during a pre-inspection meeting.

Maintenance subcontractors are advised of health and safety requirements through appropriate
procurement documents. Subcontractors must develop health and safety plans for all activities
subject to Occupational Safety and Health Administration (OSHA) requirements. Subcontractor
health and safety plans are reviewed and approved before contracts are awarded.

DOE/Grand Juncuon Ottice LTSP for Lakeview, Oregon. Disposal Site
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Appendix A

Real Estate Documentation
for Disposal Site and Access Corridor



Acquisition

The Lakeview disposal site, near Lakeview. Oregon. was acquired by the state of Oregon
through a civil action suit, Lake County Circuit Case No. L-86-060-CV. File No. 330-050- .
TL001-86, state of Oregon, by and through the Energy Facility Siting Counsel v. John Collins.
et al. The U.S. Army Corps of Engineers worked with the state of Oregon to transfer the disposal
site and access easement to the Federal government, thus completing the real estate transactions.
Final disposition of the case provided a 40-acre parcel with perpetual access leading west from
County Road 2-16B across the Collins Ranch to the disposal site. as well as unlimited access to
al] off-site ground water monitoring wells.

Legal Description

Disposal site. The Lakeview disposal site is located on a 40-acre parcel of land in Sections 11
and 12, Township 38 South (T38S). Range 19 East (R19E), Willamette Meridian. Lake County.
Oregon, and is more particularly described as.

Beginning at a point on the east line of Section 11, T38S. R19E, said point of beginning
bears north 00° 17°25” east 816.36 feet (ft) from the southeast corner of Section 1 K
thence west 211.02 ft: thence north 1950.00 ft; thence east 220.90 ft to the east line of
Section 11. T38S., R19E; thence continuing in Section 12, T38S, R19E, east 779.10 ft:
thence south 1000.00 ft: thence south 24° 42° 18" west 1045.71 ft; thence west 351 93 fit
to the point of beginning.

Access road. A strip of land 60-feet wide, located in Section 12, T38S. R19E, Willamette
Meridian, Lake County Oregon, provides perpetual easement to the site. The centerline of this
easement is more particularly described as,

Beginning at a point on the west right-of-way line of County Road 2-16B. said point of
beginning bears north 00°10°19" east 30.00 ft: thence north 89°37'12" west 30.00 feet
from the southeast section corner of Section 12: thence north 89°37°34” west 2638.25 ft
to a point that bears north 00°22" 26™ east 30.00 feet from the south 1/4 corner of
Section 12: thence north 89°3°06” west 1449.65 feet: thence north 86°29°18™

west 379.15 ft; thence along a 250.00-foot-radius curve to the right 330.71 fi: thence
north 10°41°45” west 359.83 ft; thence north 3°20724" west 380.92 ft: thence north
00°45°38" east 55.27 ft: thence north 8°40°28™ east 40.01 ft: thence north 187167107 east
82.69 ft: thence north 11°18°58" east 41.38 ft; thence north 1°03°53™ west 24.99 ft to the
east boundary of the Lakeview disposal site. said point bears north 23°57°25" east
1356.57 ft from the southwest corner of said Section 12.

The basis of bearings for the foregoing descriptions is the Oregon state plane coordinate system,
south zone.

Repository

The deed transferring the Lakeview disposal site to the Federal government was recorded on
July 12, 1995, in Lake County, Oregon. in File Book 229, page 642 (DOE 1994).
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Documentation and correspondence related to property acquisition are on file at the

U.S. Department of Energy, Grand Junction Office. 2597 B % Road. Grand Junction. Colorado
81503. -
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Appendix B

Sample Field Photograph Log
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Appendix C

Inspection Checklist



Date of This Re.\'ision:

Inspection Checklist: Lakeview

[

Last Annual Inspection:

Inspectors: . and
Next Annual Inspeétidn"(Plaﬁnéd): ’ - -
N B.. Actlon items 4 and 5 may requnre extended tlme on site.
No. -Item - Issue . . .. . Action . .
Current contact: -
- — - = - John Collins - - -
1 Access Contact qulms Ranch by phone (or matl) P.O Box 127 S
. - before the inspection. - Trall, Oregon 97541 - - - o
Telephone: 541-878-7327 -
) - “Inspect ’
Specific site  _ . ] i
2 survelllance | See attached hst - Identify maintenance requirements. Stock
features fence often requires repair (broken wire, '
etc.)
There are 9 monitor wells in the LTSM Inspect the 9 LTSM monitor wells each
monitoring network. There are an additional 7 year.
3 Monttor wells unused wells earmarked for decommisstoning.
Also inspect the seven additional wells that
_ are no longer monitored until they are
decommisstoned
Inspectors may be asked to make
observations during the inspection to
The Long-Term Performance (LTP) Project Is .
4 Vegetation investigating the long-term effect of deep- rooted support the LTP Project. -
plants on top of the disposal cell . L
In future, measures to control vegetation
- may be required.
LTSP requires annual gradation tests to Repeat gradation test Use procedure in’
Rock determine Dso of the nprap on the Slde slope Appendix D
oc - e
5 Durability Eighteen (18) numbered botilders in the north ~ | Repeat rephotography
dramnage channel and EDA are momtored by
rephotography -
Erosion Gulhes downslope from the trench drains were L '
g~ | Below Trench | filed with rock in 2000 to prevent further - - Evaluate success of the reparr.

Drains

erosion

" DOE/Grand Junction Office

August 2002
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Checklist of Site Speciﬁc Surveillanée Features: Lakeview

Feature

Comment

Access Road

DOE lock on cable gate

Entrance Gate

Entrance Sign

Penmeter Signs

Total: 12

Penmeter Fence

Barbed-wire stock fence

Survey Monuments

Total: 3. SM-3 is inside site boundary south of disposal cell

Boundary Monuments

Total: 3

Site Markers

Total* 2

Monitor Wells

Upgradient (background)

MW.-0515: On Collins property, west of P-8

MW-0602 and -0609
MW-0603 and -0608
MW-0604 and -0607

MW-0605 and -0606

Wells no longer monitored.

Downgradient wells, in parrs, along east side of disposal cell, from north to south

MW-0513 Northwest of disposal site
MW-0514 Northwest of disposal site
MW-0516 Northwest of disposal site
MW-0520 East of disposal site
MW-0521 East of disposal site
MW-0522 East of disposal site

MW-0523

LTSP for Lakeview, Oregon, Disposal Site
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Appendix D

Gradation Testing Procedure



Lakeview Riprap Gradation Testing Procedure

Equipment needed:

 8-inch diameter sieve stack including: 4-inch opening. 3

1/2-inch opening. -

« 2-foot by 2-foot wire mesh with 25 equally spaced intersections at 4-inch centers.
« white paint with Yz-inch wide brush.

1

-inch opemn.,. 21s- mch opening. and

1) Determine 10 random locations systematically distributed across the west face. All
distances are measured in feet from the top of the side slope on the south end of the
disposal cell. ;

determine 10 pairs of random numbers between 0.0and 1. 0

the first number of the pair is the longitudinal number (x), the second is the transverse

number (»); enter numbers into the following table and perform the computations
indicated. For example; to determine the location of sample number (3). multiply the
first random number, (x) by 100 and add 200 to the product. and multiply the second
random number, () by 270. Enter these results in the table columns on the far right.

Sample Locations for Stone Dimension Determination

s

s

t

Random Number Pairs

(x.y) Multiplier Sample Locations
Sample . - Longitudinal | Transverse
Number | Longitudinal | Transverse | Longitudinal | Transverse Distance Distance
(x) ») (ft) (ft) From South From Top
' ' - End (ft) - Slope (ft)
1 “100x - 270y -
2 100x + 100 270y - T
3 100x + 200 270y
4 100x + 300 270y
5 100x + 400 - 270y - °
6 100x + 500 270y
7 100x + 600 270y
8 100x + 700 255y
g 100x + 800 - 215y -
10 100x + 900 ; 130y ?

" DOEGrand Junction Office

August 2002
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3)

4)

6)

7)

Locate each sample location on the side slope with a wire flag.

Place the wire mesh at the sample location. Orient the mesh perpendicular to the slope
with the southwest corner adjacent to the wire flag.

Paint a white dot on each stone lying directly beneath a wire intersection.

Remove the mesh, and pass each marked stone through the sieve stack until the stone is
retained on a sieve.

Record the number of stones retained on each sieve on a copy of the attached form. verify
that the total number of stones equals 25.

Replace sampled stones within the 2-foot by 2-foot sample location.

Data reduction procedure -

At each sample location determine the stone size corresponding to the sample point Ds,
according to the following procedure:

1y

Determine the percent retained on each of the three sieves using equation (1):
R, = &x100
A

where: R, = percent retained on sieve /.
N, = number of stones retained on sieve i.
A = total number of stones sampled (25).
1 = sieve si1ze, i.e. 4-inch. 2%-inch. and 1 %2-inch.

For example, when 5 stones are retained in the 4-inch sieve:
5
Ry_nen =—x100 = 20%
4-inch 25 °

Determine the percent passing each sieve size by subtracting the sum of percentages
retained from 100 as shown in equation (2):

P, =(100-TR,)
where: P, = percent passing sieve /.
For example:

when Ry = 30% and Ri.en = 35%:

P3_inen =100 -(30 +35) =35%

LTSP tor Lakeview, Oregon, Disposal Site DOE Grand Junction Office
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3) Determine Dso as the size where 50 percent of the stones.are smaller. Compute Dso by

linear interpolation (proportioning). The following equation illustrates this process:

(P.-50)x(S .=S..) .

DSO = Sh- - (P.-P)

where: Dsp (inch) = size for which 50 percent of the stones are smaller.
~ 7§, (inch)= sieve size that more than 50 percent passes, " ”
-S.. (inch) = sieve size that less than 50 percent passes.
P,. = percentage passing greater than 50,
P,. = percentage passing less than 50.

-For example: - -

when P = 70%, Psssmen = 35%. S,- = 3-inch. and S,. = 2V-inch:

(70 -50)x(3 —mnch -21/2-inch) _ 2.7inch - - .

Dz (inch) =3-inch-
s0(inch) 70-35)
4) Determine and report the mean ( ) of the in situ slope Dso using data collected from all
ten sample locations using equation (4): ‘
10
_ Z Xy
=1
X -
10
where: = mean in situ slope Dsy,
x = computed sample locaftion Dso,
j = sample location counter from 1 to 10.
DOE/Grand Junction Office . - LTSP for Lakeview. Oregon, Disposal Sute
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Lakeview, Oregon
Type-B Riprap Gradation Monitoring

Sample Location Number

Number of Stones Retained

4-inch

22-inch

12-inch

Total

=N

Ol ~N|JOjO]|&TW]N

—
o
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Appendix E

Agency Notification Agreements



Department of Energy
Abuquerque Figkd Ofice .
P.O. Box 5400
Abuquerque, New Mexico B7185-5400

Albert R. Chernoff

UMTRA Project Manager

U.S. Department of Energy
Albuquerque Operations Office
P.0. Box 5400

Albuquerque, NM 87185-5400

Dear Mr. Chemnoff: -

This letter is in response to the U.S. Depantment of Energy (DOE) request for
notification as set forth in the DOE's letter. This office will contact the DOE Grand
Junction Projects Office at (303) 248-6070 if flash fiood or tomado wamings are
issued for Lake County, Oregon.

Sincerely,

W

Mr, Mike Brooks
National Weather Service Office



MIsfumTfogqa -4

Albert R. Chemoff

UMTRA Project Manager

U.S. Department of Energy

Uranium Nzill Tailings Remedial Action
‘ Project Office }

5301 Central Avenue,’N.E.. Sgite 1720

Albuguerque, New Mexico 87108
Attention. Steve Hamp

Dear Mr. Chemoff.

This letter is to concur with U.S. Department of Energy (DOE) request for notification as set
forth in the DOE's letter of Q—é . 1992. As requested in your letter, this office will contact
the DOE's Grand Junction Projects Office at (303) 248-6070 i any unusual event or anomaly

is observed or reported at the Lakeview disposal site. o




Enclosures

cc:.  CJones, GJPO
JVirgona, GJPO
SHamp, UMTRA
FBosiljevac
MDay, TAC

MBLeal, TAC

smrw.

SZ-p e

Tle

Lake County Sheritf's Department
513 Center Street
Lake Céumy’ Courthouse

Lakeview, OR 97830
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Clinton C. Smythe

Engineering and Construction Group Leader

x o~

Uranium Mill Tailings Remedial Action

Project Office
2155 Louisiana NE, Suite 4,000
Albuquerque, NM 87110 -

Dear Mr. Smythe:

This letter is to confirm that the DOE Grz;nd Junction Projec
line, (303) 248-6070 has been added to our notification list for the o

carthquakes near the following locations:~

Disposal Site Latitnde | Longitude
COLORADO -

Durango (Bodo Canvon) N37.15 | W107.90

Grand Juncnon N38.91 | W108.32

Gunnison (Landfill) N38.51 W106.85

Mavbell - -1 Na0.55 | W107.99

Natunta (Dry Flats) 1 N38.21 | W108.60

Rifle (Estes Gulch) N39.60 | W107.82

Shck Rock (Burro Canvon) N38.05 | WI108.87
IDAHO

Lowman Né&4.16 | W115.61
NEW MEXICO s

Ambrosia Lake N35.41 W107.80
NORTH DAKOTA

Bowman N46.23 | WI103.55
OREGON

Lakeview (Collins Ranch) N4a2.2 Ww120.3
PENNSYLVANIA

Canonsburg N40.26 | WB0.25

Burrell VP N40.62 | W79.65
TEXAS

Falls City N28.91 | W98.13
UTAH

Mexican Hat N37.10 | W109.85

Salt Lake City (Clive) N40.69 | W113.11

ts Office (24-hour phone
ccurrence of



Clinton C. Smythe -2-

We have entered the following selection criteria into our notification program:

3 -

1. Any canl;ciuakq of magnitude 3.0 or greater, within 0.3 degrees (about 20 miles)
of any site shown above, or

2. Any earthquake of magnitude 5.0 or greater, within 1.0 degrees (about 70 miles)
of any site shown above, .

Sincerely,

Bruce Presgrave
U.S. Geological Survey
Nadonal Earthquake Information Center
P.O. Box 25046
Mail Stop 967.
N Denver Federal Center
Denver, Colorado 80225

FPleare Gddress Fbire COrmrespondsnce fo Sthrart A/o.fa“:f; art He
Ghore address. T hove moved o a &iHen. project.
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U.S. Department of Energy

Albuguerque Operations Office

ATTIN: Albert R. Chernoff
Project Manager

p.0. Box 5400

Albuguerque, New Mexico 87115

Dear Mr. Chernoff:

We have completed our review of the certification data for the uranium mill
tailings site at Lakeview, Oregon. The data reviewed were the Final Completion
Report, the Final Audit Report, and all other associated documentation
pertinent to the completed remedial action at Lakeview. The results of our
review are documented in the enclosed Final Completion Review Report.

Based on our review of the certification data and on observations and record
checks made during periodic site visits, we concur that, with the exception of
ground-water restoration, the Department of Energy (DOE) has completed the
remedial action in accordance with the approved plans and specifications, and
that this action complies with the Environmental Protection Agency's standards
in 40 CFR 192, Subparts A-C. I have therefore signed the enclosed signature
pages signifying NRC's concurrence in the completion of remedial action at
Lakeview, Oregon.

_ Ground-water cleanup at the processing site will be addressed by DOE as part of

a separate ground-water restoration program once the proposed EPA ground-water
standards have been finalized. This will require that DOE maintain control of
the processing.site in a manner consistent with DOE's April 9, 1993, policy
letter.

If you have any questions, please contact the NRC Lakeview project manager,
Ray Gonzales, at FTS (303) 231-5808.

Sincerely,
amon E. Hall
Director

kncIosures:
As stated



U.S. Department of Energy

cc:

S. Hamp, DOE

F. Miera, Oregon .

D. Stewart-Smith, Oregon

S0t 1%




U.S. DEPARIMINT OF ENERGY
CERTTFICATION SUMMARY
far the
1akeview, Oregon, Disposal Site

'Buetkanimnillmumsnanedialhctimmjectmmgermﬂﬂu
Oontracting Officer far the U.S. Depa.rcrentofmergycertirymtﬂma
lakeview, Oregon, remedial action is camplete. The processing and
disposal sites have been remediated and meet all design criteria ard
technical specifications contained in the approved Remedial Action Plan,
as required under Public law 95-604. This certification applies only to
the earth surface remediation. The grourdwater restoration activities at
the Iakeview mill site will be conpleted separately. The undersigned

that the U.S. Nuclear Regulatory Camission concur in this
certification.

Fhubens J Jheres— ML V_/k(

Melanie J. Thamas Albert R. Cherno

Contracting Officer Project Manal

Prograns and R&D Branch Uranitm Mill Tailings Remedial
Contracts and Procurement Division Action Project Office

DATE: QM{/??;— DATE: M4 [av

The Director, Uranium Recovery Field office, Region IV, U.S. Nuclear
Regulatory Commission hereby concurs with the U.S. Department of Energy’s
carpletion of surface remedial action at the Lakeview, Oregon processing

ard disposal site.
. Ramon E. Hall, g& ect:c:.t'E >

Uranium Recovery Field Office
Region IV, DRSS
U.S. Nuclear Requlatory Commission

m_&_ﬁ/@méﬂr‘ /) /? ?ﬁ
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- WASHINGTON, D.C. 206830001
K P ° Sept?ﬁbe;flS,leSS - .
Mr. Richard F. Sena, Acting Director S -

Environmental Restoration Division . -
Uranium Mi11 Tailings.Remedial-Action Project )
. U.S. Department of Energy S ’ L
2155 Louisiana NE, Suite 4000. ’ - L )
Albuquerque, New Mexico 87110

SUBJECT: ACCEPTANCE OF LONG-TERM SURVEILLANCE PLAN (LTSP), LAK
URANIUM HILL TAILIKGS REMEDIATION PROJECT =~

EVIEW, OREGON
Dear Hr.‘sénk: ’

-

o

The U.S. Ruclear Regulatory Commission staff hereby accepts the U.S.
Department of Energy’'s (DOE's) final LTSP for the Lakeview, Oregon, Uranium
Mi1] Tailinos Remedial Action Project site. This action establishes the
Lakeview site under the

_general license in Title 10 Code of Federal -~ ~ 7
- Regulations' {10 CFR) Part 40.27. © - - - S o

The acceptance of the Lakeview LTSP'is based on the staff’s determination that
all open issues have been adequately addressed in the.page changes to the
" August 1994 final LTSP, which were submitted by cover letter dated “August 15,
“ 1985, and DOE’s ability to perform inspections and long-term site-surveillance
in accordance with Criterion 12 of 10 CFR 40, Appendix A. -The LTSP for the
Lakeview site satisfies the requirements set forth in the Uranium Mill
Tailings Radiation Control Act of 1978, as amended, for the long-term .
. surveillance of 'a disposal site, and all requirements in 10 CFR 40.27.
R . frooee oo M o
- As we have previously discussed with Mr: Michael Abrams, the DOE Project
Manager, two areas of concern relating to rock durability and-seepage from the
disposal cell have been identified by NRC staff during the LTSP review. These
concerns do not directly impact the acceptance of the Lakeview LTSP and
licensing of the site, but may ultimately impact the long-term.monitoring

strategy and long-term surveillance of the Lakeview site. A brief description
of these concerns are presented beiow.

Rock durability was recognized as a potential concern by DOE during the
remedial construction at the site. DOE subsequently proposed to over-design
- the thickness of the rock cover by 100 percent. HNRC was informed of the
potential concern and concurred in the proposed remedy. HNRC also concurred in
.the Completion Report for the remedial action on September 1, 1993. Since
completion of -the disposal cell construction, some of the rock in the cover

has deteriorated significantly at a rate that appears more rapid than
anticipated. ~ T

In an effort to address the rock durability concern, DOE'transmitted by cover
Jetter dated July 10, 1995, the results of a petrographic evaluation performed



R. Sena 2

on the rip-rap covering the disposal-cell. Based an this evaluation, DOE
recommended that no additional action be taken to imprave the rock cover on
the side slopes of the cell or modify the inspection approach. However, the
NRC staff concludes that the petrographic analysis cannot provide the
empirical information needed to evaluate the rip-rap performance through
repeated freeze-thaw cycles of a 200-year design life. Consequently, the NRC
staff plans to conduct an independent evaluation of the rip-rap durability
through freeze-thaw testing. Rock samples have recently-been collected from
the side-slope and provided to an NRC contractor for testing. The findings

from this testing and any recommendations for revising the LTSP, if needed,
will be forwarded to DOE. B h

The seepage concern centers.on the documented application of dust-control
water in excess af specifications during tailings. placement, and the potential
for seepage to cause {nstability of the disposal cell slope. This concern
could not be resolved during the site visits conducted for the LTSP review,
because of the unusually high rainfall experienced earlier this year. Future
conversations with.the DOE. personnel performing the inspections and a review
of post-closure. inspection. documents may-resolve this concern.

Although rock durability and potentiai séepaga. are araas-cf-concern, the NRC _.
staff concludes that these concerns do not presently require corrective

action. In accordance with 10 CFR 40.27(b), this letter accepting the LTSP
constitutes the action bringing the Lakeview disposal site under NRC general
Jicense. . In.the event that any future testing, or inspections {indicate that
any of the disposal cell's. components have failed or will likely fail, DOE

will be required to.implement corrective action measures is described in
Chapter 9 of the:LTSP, under provisions of the general license.

As described in DOE’s guidance document for.long-term surveillance, any
further interactions between the NRC and the DOE- pertaining to the Lakeview
site will be conducted with the DOE's Grand Junction Projects Office. If you
have any questions-regarding this letter, please contact the NRC Project
Manager, Michael Layton, at (301) 415-6676.

Sincere]y,

Joseph J. Holonich, Chief
High-Level Waste and Uranium
Recovery Projects Branch
Division of Waste Hanagement
Office of Nuclear Material Safety
and Safeguards
cc: Hamp, DOE Alb
. Abrams, DOE Alb |
. Bierley, TAC Alb
Virgona, DOE GJPO

c..c::gn




Attachment

Recalculation of Dsy, the Minimum Median Diameter of Riprap for the
Side Slope of the Lakeview Disposal Cell



1.0 Summary

The Lakeview disposal cell was designed and constructed to prevent erosion that might result
from a hypothetical Probable Maximum Precipitation (PMP) storm.

...The design criteria for the stability of the UMTRA Project tailings piles due to erosive
forces resulting from rainfall across the top and down the sides of the stabilized
embankment [disposal cell] are based on runoff from the localized PMP...The PMP is the
most severe possible event that could occur as aresult of combination of the most severe
meteorological conditions occurring over a watershed at the same time...It is felt by most
hydrologists that the recurrence interval {for a PMP] is on the order of 100,000 years...If
the cost of designing for the PMF is excessive,-a storm of lesser intensity may be used...”
(DOE 1989).

The PMP is a conservative, worst possible case. The likelihood of a PMP event during the 200-
to-1,000-year lifetime of the disposal cell is extremely small. Nevertheless, the PMP was used
during remedial action as the basis to determine the minimum median diameter (Ds) of the
riprap to be placed on the side slope of the Lakeview disposal cell. Using the PMP. Rational
Method formula, and the Stephenson formula for calculation, the Ds, for the riprap was
determined to be 2.7 inches (in.) (range: 2.7 to 3.9 in.) (DOE 1989: DOE 1994.)

The disposal cell was completed in 1988. LTSM inspectors began reporting breakage of the
riprap in annual inspection reports beginning in 1995. (Breakage of the riprap is due to physical
and chemical weathering of the rock, although alteration of the rock before quarrying and
stresses induced during quarrying are likely contributing factors.)

In consultation with NRC, LTSM began a series of annual gradation tests in 1997. The purpose
of these tests was to determine the size distribution of the riprap and to record progressive
changes, if any, in the size of the rock in the years that followed. Since the first measurements in
1997. the Dsoof the riprap has decreased as shown in Figure 1. This raises the question whether
the smaller riprap still provides adequate erosion protection for the disposal cell. - ’

This Technical Task (Calculation No. S00631) addresses this question by recalculating Dsp. The
PMP is again used for the calculation, but a new U.S. Army Corps of Engineers model.
Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS). is used in place of
the more general and overly conservative Rational Method to calculate Ds. HEC-HMS is a
refined model that is considered more realistic with respect to natural, expectable conditions. and
is approved by NRC for use at disposal sites. The new Dso is calculated to be 1.8 in.

DOE will continue annual gradation tests at the Lakeview disposal site in accordance with the
Long-Term Surveillance Plan, Revision 4, to which this Technical Task is attached. Results of
these tests will be in the annual inspection report (Section 3.3.5).

If it becomes apparent that the riprap is continuing to break, and that the measured Dy will
eventually fall below 1.8 in., DOE, in consultation with NRC, will evaluate alternatives and
intervene. as necessary. to maintain erosion protection on the side slope of the disposal cell.

DOE:Grand Junction Oftice Recalculation of Du,. the Minimum Median Diameter of Riprap tor the Side Slope
August 2002 Page 3
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Figure 1. Results of Annual Gradation Tests, Lakeview, Oregon, Disposal Site, 1997-2002

2.0 Statement of Problem

During design of the disposal cell, conservative hydrological models. assumptions, and estimates
were used to determine Dsg of the riprap on the side slope of the disposal cell.

Specifically, estimates for the volume and intensity of rainfall during a PMP storm were used in
the calculations. A PMP is a hypothetical storm with very small probability of occurrence.
probably less than 1 chance in a 1,000 of occurring in any given year. A design that anticipates a
PMP is therefore conservative. The PMP is retained and used in this Technical Task to preserve
this conservatism.

Recaleulation of Dy, the Minimum Median Diameter of Riprap tor the Side Slope DOE/Grand Juncuon Office
Page 4 August 2002
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However, DOE notes that the minimum or smallest severe storm that a disposal cell must survive
is specified in a recent NRC publication. NUREG 1623, as the Standard Project Flood (SPF)
(NRC 1999). The SPF is defined as 40 to 60 percent. or approximately half of the PMP

(SPF = %2 PMP).

‘ : N R
Additionally, for the original design, initial-runoff estimates were calculated with the Rational
Formula, Q = Cid, where C is a coefficient,  is rainfall intensity (inches per hour [in./hr]). and
A is the area of runoff (acres). Design guidance in effect during the remedial action project

specified a coefficient of C = 1 to maximize surface runoff in the ‘calculations (DOE 1989).

A coefficient of C = 1 is appropriate for a perfectly smooth, impervious surface. that is. a'surface
that permits no infiltration and no resistance to surface runoff. The side slope of the disposal cell.
however, is neither smooth nor impervious. It is armored with rough, jagged riprap that contains
significant void space to accommodate infiltration. Both roughness and infiltration retard runoff.
A coefficient of C = 1 is not, therefore, trily representative of a riprap-armored side slope. Use
of C =1 is, however, a conservative design parameter, albeit unrepresentative.
N t - - o
For the recalculation of Dsg in this Technical Task, runoff is recomputed using the U.S."Army
Corps of Engineers HEC-HMS model that incorporates measured infiltration rates and estimates

of surface roughness. !

The new minimum median rock size, Dso, required to protect the side slope from erosion is
recalculated in this Technical Task using design procédures developed by Abt et’al.. (1998) and
in accordance with NRC guidance. The proposed new value for Dsq is 1.8 in.

3.0 Method of Solution

Step 1. Obtain original data, assumptions, and calculations used by the remedial action project to
determine the Ds of the riprap. This will include the estimate for runoff. expressed as a unit
discharge, determined by the Rational Method. ’ ' ’ I

Step 2. Determine values for PMP and SPF, where SPF =% PMP. Use these values to gst\i_mate
runoff using the HEC-HMS method (software).' Match runoff estimates from the ‘original -
Rational Method formula with the estimates from HEC-HMS. " co

Step 3. Calculate soil hydraulic conductivity from field infiltration tests. Use hydraulic’
conductivity data to calculate runoff from the top and side slopes of the disposal cell.

Step 4. Use the calibrated PMP from Step 3 and the HEC-HMS progfam to model runoff. Take
into account infiltration and surface roughness. Use the Green-Apt infiltration option in HEC-
HMS to account for infiltration losses. Use kinematic wave analysis to model surface runoff. =

Step 5. Usé_ﬁca}libratedP}MP to estimate side slope runoff. Superimpose top slope and side slope
runoff, as unit discharge, to recalculate Ds, of sidé slope riprap. :

DOE/Grand Junction Otlice Recalculation of Diw. the Minimum Median Diameter of Riprap for the Side Slope
August 2002 Page 5



Step 6. Calculate Dsq for a PMP storm. Use the simplified formula of Abt in accordance with
latest NRC guidance. Repeat the calculation for the required minimum storm.. SPF. where
SPF =¥, PMP. Compare results.

4.0 Assumptions

1. Results of infiltration tests on the top slope of the disposal cell are representative of the
actual infiltration characteristics of the top slope. )

!\)

Values for runoff and intensity of rainfall, computed with the HEC-HMS model. are realistic
and representative of possible extreme conditions at the site.
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6.0 Computer Sources
Microsoft Excel 2000

Hydrologic Modeling System HE(‘f-‘I:IMS, versior; 2.‘l‘; January 2001
US Army Corps of Engineers

Hydrologic Engineering Center
609 Second Street Davis, CA 95616-4687 USA-

7.0 Calculation -

Step 1. Obtain Data Used to Calculate the Original Dsy . FEVRT
=T ' . - e ) - i ¢ 1 N , i_, :( a

The hydrologic and Dsp calculations performed by the remedial action.project were recovered
from site record files to obtain the original values for the amount and intensity of rainfall. runoff,
and geometric parameters (slope length, basin area, slope angle) used.to calculate the original

Dso. .

DOE!Grand Junction Otfice Recalculation of Dy the Minimum Median Diameter of Riprap tor the Sude Slope
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The original calculations followed design guidance in the Technical Assistance Document
(TAD) (DOE 1989). This guidance specified that the PMP and the Rational Method formula
were to be used to calculate runoff, expressed as a unit discharge. The Rational Method formula
is conservative. It overstates runoff in comparison to runoff observed during actual storms. It
overstates runoff by assuming that the slope is a smooth, impervious surface (no roughness to
impede runoff and zero infiltration).

The magnitude of the PMP assumed in the original calculation of unit discharge will be used
later in this task as input to a more realistic, less conservative computation of unit discharge.

The unit discharge calculated by the Rational Method formula for the original design will be
matched with unit discharge calculated using the HEC-HMS model to ensure that the same
rainfall intensity is used in the recalculation of Dsg as was used in the original calculation. In the
recalculation, the top and side slopes will again be assumed to be a smooth surfaces with zero -
infiltration and zero roughness. Precipitation will be varied until identical unit discharges are
obtained.

MK-ES Calculation No. 13-728-01-01, used in the original design. provided the following:
PMP rainfall intensity was computed using equation 1.

i = 101 64-0 27(logt ? (n

where, / = rainfall intensity in in./hr
t = time of concentration in minutes (min).

A time of concentration, 7 =2.5 min, was used by the remedial action project in the original
calculation.

From equation 1, the PMP rainfall intensity, i, was calculated to be 39.6 in./hr.

This value for the PMP rainfall intensity was used to compute unit discharge values for both the
top and side slopes of the disposal cell using the Rational Method procedures outlined in the
TAD. The runoff (unit discharge) values, in cubic feet per second per foot (cfs/ft), were
computed to be:

Top slope of the disposal cell: 0.39 cfs/ft
Side slope: 0.53 cfs/ft.

(The unit discharge value for the side slope includes the runoff component from the top slope.)
The Dso of riprap required to armor the top and side slopes of the disposal cell was computed
using the Safety Factors Method for the top slope and the Stephenson Method for the side slope

(DOE 1989). The two respective values were determined to be:

Top slope: 0.37 £ in.
Side slope: 2.70 in.

Recalculation of D, the Mimmum Median Diameter of Riprap for the Side Slope DOE. Grand Junction Office
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Step 2. Recalculate Runoff Using the HE C-HMS Model
The PMP for the Lakeview disposal site was recomputed using National W eathef Serfwc_e_
Hydrometerological Report No. 58 (HMR 58. no date). The PMP was recomputed so that the Dso
recalculated in this Technical Task would be based on more realistic assumptions than the .
original PMP, a hypothetically worst possible storm, and as such. a storm of vervlow ..
probability. The recomputed PMP is used to compute a new unit discharge value. (HMR 58 ma)
not have been available when the original Dso was calculated. HMR 58 is currently available on

line.)

New draft guidance from NRC, NUREG 1623. allows the use of the SPF. whichis |

approximately one-half the PMP, in certain applications (NRC 1999). For the recalculation of
Dsy in this Technical Task, the PMP is retained although results using the SPF are included for
comparison.. - 5

Runoff from the Lakeview disposal cell is modeled with the U.S. Army Corps of Engineers. .

Hydrologic Engineering Center. Hydrologic Modeling System (HEC-HMS) computer program

(version 2.1, January 2001). This is the method of hydrological analysis currently accepted by

. the NRC. It replaces the over-simplified Rational Method and a previous version of the Corps of
Engineers program, HEC-1. - . ' s

To obtain equal results for runoff from the Rational Method formula and from HEC-HMS.
precipitation values are adjusted until the unit discharges computed by both methods are equal.
This is done for both the top and side slopes of the disposal cell.

The original, remedial action project used the Rational Method formula to compute unit
discharges in accordance with the TAD. The Rational Method formula is expressed as

w3 -~ . . - o

f

q= CtLv;/

where, ¢ = the unit discharge in cfs/ft = %'
C = the runoff coefficient equal to 1
i = the rainfall intensity in inches per hour (in./hr)
L = maximum distance in feet (ft)
w = unit width equal to 1 ft R (TR VRN

i- ot v

The runoff coefficient, C = /, is conservative.;As explained"abo‘ve. such-value for Cis
appropriate for a perfectly smooth, impervious surface. with no infiltration and no roughness or
surface resistance to runoff — not a rock-covered surface with considerable roughness and
significant interstitial (void) space. However. to calibrate precipitation with unit discharges, an
impervious, smooth surface will also be used in the HEC-HMS calculations. This ensures that
both Rational Method and HEC-HMS calculations are equally conservative in this respect..;,

L o T R+ O SR :
The Lakeview disposal site is slightly north of the California border. PMP information for
California is provided by the National Weather Service (HMR 58). The National Weather ,
Service report gives estimates of general-storm PMP for drainages in California and bordering

areas. (There is no similar report for the State of Oregon, so the California information is used.)

_ -DOE Grand Junction Office Recaleulation of Da, the Minimum Median Diameter of Riprap tor the Side Slope
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From HMR 58, the 1-hour general-storm PMP for the Lakeview area is 8.5 in./hr. The SPF
precipitation, at %2 the PMP, is 4.25 in./hr. The PMP computation is provided in Appendix A of
this Technical Task. o :

The HEC-HMS program allows a user to produce a site-specific hyetograph. (A site-specitic
hyetograph shows the maximum rainfall intensity expected per unit of time for a given site.)
Figure 2 shows maximum rainfall intensity in 15-minute intervals for both a PMP and PMP -
+ 80 percent storms at the Lakeview site.

9

8 PMP

PMP + 80%

ANANMMRRMRRARRARMARRRRARNNANY

Intensity (inch)

P B o B -, B ., G, S ., -, S, |

T T T T T T T T T T T
0 05 1 15 2 25 3 35 4 45 5 55 8

Time (hour) .

Figure 2. Hyetograph for Lakeview, Oregon, Disposal Site

Temporal distribution for the PMP and PMP + 80 percent storms, in | 5-minute intervals. is
shown in Table 1. In this table, progressively greater rainfall depths, used to create the HEC-
HMS hyetograph in Figuire 2, are listed in column 2. Different precipitation amounts

(PMP + 10 percent and PMP + 80 percent) are used to achieve calibration with the original
MK-ES runoff calculations (Columns 4 and 5, Table 1).

Geometric parameters of the Lakeview disposal cell are in Table 2. These parameters and the
PMP rainfall depths in Table 1 are used with the HEC-HMS program to calculate peak discharge
(cfs) and unit discharge (cfs/ft). Results of HEC-HMS runs for the top slope are in Table 3. and
copies of HEC-HMS outputs are in Appendix B of this Technical Task. (Side slope runoffis
calculated in Step'3.)

Recalculation of D<, the Minimum Median Diameter of Riprap tor the Side Slope DOE Grand Junction Office
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Table 1. Temporal Distribution of Rainfall Depths for PMP, PMP + 10 Pércent, and PMP + 80 Percent

Storms . ;
~Time Depth _ '| Delta, PMP Delta, PMP + 10% Delta, PMP+ 80%
{hour) * (inches) (inches) - '{inches) - | (inches) = -
0.0 000 - A : : o= T
0.25 470 470 517 8 47
0.50. 6.70 2.00 - 2.20 360-
0.75 7.70 . =~ 1.00 < - 1.10 180
1.00 850 080 - .- = ,- 0.88- ¢ “144
1.25 8.70 0.20 0.22 036.
1.50 8 90 020 0.22 036
1.75 910 0.20 0.22 0.36 .
2.00 930 . 0.20. . 0.22 0.36 )
2.25 935 ’ 0.05 0 055 009
2.50 940 0.05 0055 . 0.09
275 945 0.05 0.055 ° 009
300 9.50 0.05 0055 -~ 009
325 9.55- 005 0055 009
3.50 9.60 005 0 055 009
375" - 965 - 005 Lo -0 055 oo 009 ° .
400 9.69 005 0 055 - -0.09
425 9.70 oM 0.011 0018
450 971 - 0.01 - 0.011 - 0.018
475 972 001 - 2 0.011 .0018
5.00 9.73 001, o 0011 0018
5.25, 9.74 0.01 0.011, - 0018 .
550 975 001 0.011 0018 .
5.75 976 0.01 0.011 0018 ~
6.00 . 978 001 0.011 0018 -
“??.L?aﬁ ' 9.78 10.76 -17.60 .
Table 2. Geometric Parameters of Lakeview, Oregon, Disposal Cell ,
.Description Value
top slope area (ft/mr) 290,350 / 0 0104 ‘
top slope length (ft) 500
top slope grade (%) -30
side slope area (f/mi°) 270,000/ 0 0097
side slope length (ft) < - - 270
side slope grade (%) -200
Table 3. HEC-HMS Top Slope Calibration Runs .,
Run # Description [ J° Peak Discharge (cfs) | Unit Discharge (cfs/ft)
3 impervious, PMP (3], w =557.6 ft 121 022
5 impervious, PMP {4], w=557 6 ft . 133 024
6 impervious, PMP [5], w =557 6 ft - 218 0.39 o

*value In brackets denotes column in Table 1

DOEGrand Junction Oftice Recaleulation ot D, the Minimum Median Diameter of Riprap for the Side Slope
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Table 3 shows that if the PMP from HMR 358 is increased by 80 percent, the calculated runoft. a
unit discharge of 0.39 cfs/ft, is equivalent to the original MK-ES calculation. The PMP

+ 80 percent figure, referred to as the calibrated PMP. is used in this Technical Task to determine
the effect of mﬁltratlon and surface roughness on the top slope.

If new design guldance is implemented by NRC. the smallest severe flood or storm (minimum
design storm) the disposal cell must survive could become the SPF as explained above. Before
the SPF could be accepted as the minimum design storm. weather records must be checked to
verify that higher precipitation events. those greater than the SPF. have not occurred.

Maximum daily rainfall records for the period January 1, 1928, through July 31. 2000. are in
Appendix C (Daily Climate Summary, no date). During this 72-year period, the maximum daily
rainfall (maximum rainfall in a 24-hour period) was approximately 56 percent of the SPF and
28 percent of the 1-hour PMP. The SPF, therefore, could reasonably be advanced as the new
minimum design storm, the most extreme storm realistically expectable at the disposal site.

Step 3. Calculate Soil Hydraulic Conductivity and Runoff form Top and Side Slopes of the
Disposal Cell

Infiltration tests were performed on the top slope of the disposal cell by DOE in 2000 and 2001.
Data from these tests were used to calculate saturated hydraulic conductivity of the soil-rock
matrix on the top slope (Appendix E). Saturated hydraulic conductivity is used with the HEC-
HMS model to calculate surface runoff; and surface runoff is used in turn to compute a new unit
discharge value.

Figure 3 shows the top slope of the disposal cell. in plan. with a superimposed 100-ft grid. The
grid was used to locate 32 sampling stations for the infiltration tests. Data from the infiltration
tests is used to estimate soil hydraulic conductivity.

Decagon (brand name) minidisk infiltrometers were used for infiltration tests according to the
method proposed by Zhang to simulate water movement (soil hydraulic conductivity) n
unsaturated soils (Zhang 1997). The method follows procedures 1n an application note trom

Decagon (see Appendix D). Cumulative infiltration is measured with respect to time. and the
results fitted to the following equation:

1= cit+C,t) (3)

where, C,; and C> are coefficients from the curve fit
= time in seconds (sec)

Results of infiltration tests at the 32 test locations are in Appendix E.

Results of the curve fitting exercise are in Table 4.

Recalculation of D«. the Mimmum Median Diameter of Riprap tor the Side Slope DOE Grand Junction Otfice

Page 12 August 2002




7(’; ",‘J\v,'fﬂ'x
- 11 - - N - . -
. ~ 1. .. ~
-4 g - - -
- 1 8 - - - -
-4 7 e e -
. T8 N
S - . -
—t 4 - -
-+ 3 . i )
ST 2 _.® Location of Infiltration Tests .~
. / -. In2000and 2001 . _ R
-1 1 — - - -;\ - e e - - - - - ,. U
1 I -l ) 1 { - ! ) ] ) )
1 i I ] i 1
A B C -:D E* F o
Scale in Feet
200 100 0 200 400 600
oIS RIS SR ]
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Table 4. Infiltration Curve-Fitting Results

Location C, C, r
A2 0.0014 00183 09956
Ad 00021 0.0126 09992
A6 0.0001 0 0046 0 9962

A6 RETEST 00016 -0 0075 09718
A7 0.0040 0.0536 0 9963
A7 0 0049 -0 0893 0.9863
A8 0.0034 0 0501 0 9998
A9 0.00003 00539 09874
A10 0.0079 00340 0 9998
B3 0 0025 00341 09982
B4 0 0025 0.0060 0 9984
B5 + 00025 0 0456 09986
B6 . 0.0042 0.0962 09994
B10 0 0056 00671 09995
C2 0.0015 0 0079 0.9272
C3 0 0022 0.0303 0.9985
C4 0 0026 0.518 0 9993
C5 0.0037 00077 0.9947
c7 0 0045 00166 0 9992
(0%:] 00025 0.0265 0.9995
C9 00048 00523 09994
Cc11 0 0004 00217 09923
D4 00010 00162 0 9980
D6 0.0037 0.0400 0.9992
D8 0 0020 -0 0194 0 9664
D9 00020 00417 09989
D10 , 0.0048 0.0210 09987
ES N 0.0034 0.0202 0 9994
E7 00041 -0.0095 0 9996
F6 0 0057 0 0551 0.9994
F8 0.0013 00703 0.9994

The hydraulic conductivity of the top slope soil-rock matrix 1s then computed as

P =-CA4. (4)

hoe

where, &, = hydraulic conductivity of the soil measured at the suction valve on the mimdisk
surface y
A = a nondimensional coefficient that relates soil retention parameters. infiltrometer
parameters, and initial water content as defined by van Genuchten:

1N 65(n°‘ _119|2 92(n-1 9kah, ]

A )0 9

n=19 (5)

(ar,
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where, n and a = van Genuchten soil parameters o
h = suction pressure at the minidisk surface in centlmeters (cm)
r, = radius of the minidisk in cm -

Radius of the minidisk used in the tests was 1.59cm. -
The suction rate was =0.5 cm. Because of the surface tension; water will only flow into pores
with a diameter small enough to create positive capillary pressure, that is, water pressures in the
pore must exceed the air pressure in the pore. Using a water tension of 0.5 cm. the largest pore
that water will flow into is approximately 6 millimeters (mm) in diameter (McWorter and
Sunada 1981). Pores larger than 6 mm are macropores that will initially transmit larger volumes
of water than the surrounding soil matrix, but will soon close upon wetting. Thus. the low
suction rate of —0.5 cm, applied by the minidisk infiltrometer, did not impede flow to the soil and
essentially represents saturated flow.

Van Genuchten soil parameter values for 12 U.S. Department of Agriculture (USDA) soil
textural classes specified by Carsel and Parrish (1988) are provided by Decaoon in its
Appllcatlon Note. This note is in Table 1 of Appendxx D. :

Soil samples were taken across the top slope of the disposal cell durmo hydraullc infiltration
tests. Samples were combined for particle-size analysis and classification purposes. Results of
particle-size analyses are in Appendix F. These results indicate that soil on the top slope of the
disposal cell is a sandy loam according to USDA soil classification.

Referrmg to Table 1in the Decagon Appllcatlon Note, the approprlate value for coefficient A is
5.3. This value may also be computed using equatlon 4 or ‘equation 5 above. Hydraulic
conductivity values for each infiltration test are computed with equatlon 3 using A = 35.3 and

fitted values of C; . Results are in Table 5 T ‘ » o

In order to determine a representa@ive value for soil hydraulic conductivity, and the confidence
limits on that value, the distribution of computed conductivity values are compared against a
normal distribution. To determine if the values are normally distributed, they.can be plotted on
normal probability paper. If the fit is linear (a more or less straight line). the data are nom1ally
distributed. In lieu of plotting on normal probability paper, the standard normal variate of cach
value can be computed and plotted on arithmetic paper. Methods outlined by Ang and Tang are
followed to produce Table 6 (Ang and Tang 1975). Data from Table 6 are plotted on Figure 4.
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Table 5. Computed Soil Hydraulic Conductivities

3

Soil Hydraulic Conductivity (cm/s)

lLocation
A2 264 x10°
A4 3.96x 107
A6 189x10°
RETEST A6 302x10™
A7 7.55x 107
A7 9.25 x 107
A8 6.42x 10"
A9 566 x 10
A10 1.46 x 107
B3 . 472x10"
B4 472x 10"
B5 472x10"
B6 7.92x10"
B8 126x10™
B10 1.06 x 10
c2 283x10™
C3 405x 10"
c4 4.91x10°
c5 6.98 x 10°
c7 849 x 10°
C8 472x10*
C9 906x10™
c11 755x10™
D4 189x10™
D6 698x10"
D8 377x10™
D9 377x10°
D10 906x10™
E5 642x10™
E7 774x 10"
F6 108x10°
F8 245x 10"
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Table 6 Standard Normal Variate of Computed Soil Hydraulic Cbhnduct/vitymgstimates

~ “
R
Tty '£|

r s
R
et g

Rank, K Plotting Position, | Standard Normal
“m m/(n+1) variate '
1 5.66E-06 00303 -1.38146 "
2 1.89E-05 0 0606 -1.29234
3 7.55E-05 0 0909 -1.20321 - -
4 1 26E-04 01212 -1 11408
5 1 89E-04 0 1515 -1.02496!
6 2.45E-04 0.1818 -0 93583 .
7 2 64E-04 0.2121 -0 8467
8 2 83E-04 02424 -0 75758
9 3 02E-04 02727 -0.66845
10 3.77E-04 0.3030 -0.57932
1" 3.77E-04 03333 -0 4902
12 3 96E-04 0.3636 -0 40107
13 4 15E-04 0 3939 -0 31194 ¢
.14 4 72E-04 04242 -0.22282
15 4 T2E-04 04545 -0.13369
16 4.72E-04 0.4848 -0.04456
17 4 72E-04 0.5152 0 044563 -~
18 4 91E-04 . 0 5455 0 13369
19 6 42E-04 105758 0.222816: ~
20 - 6 42E-04 0 6061 0311943
21 6.98E-04 0 6364 0.40107 -
22 6 98E-04 0.6667 0 490196
23 7 55€-04 06970 0.579323
24 7.74E-04 07273 ~ 0668449
25 7.92E-04 0 7576 0757576
- 26 8.49E-04 - ----07879- - 0 846702 -
27 9 06E-04 0.8182 0 935829
28 9 06E-04 ‘0 8485 - 1.024955
29 9.25€-04 0 8788 1.114082
30 1.06E-03 0 8091 1203209
31 1.08E-03 - 0.9394 ©1.292335
32 149E-03 ~ . 09697 1.381462

w1

Fag

DOE!Grand Juncuon Oflice
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Figure 4. Results of Hydraulic Conductivity Tests on the Top Slope of the Lakeview, Oregon, Disposal
Site, 2000 and 2001 -

Inspection of Figure 3 indicates that the data reasonably follow a linear fit. that is. r* = 0.042.

. . 2 . . . . . .
which is near r” = 1.0 for a straight line relationship among normally distributed data. The data
are therefore considered normally distributed.

The mean and standard error of the mean for the soil hydraulic conductivity data are computed to
be:

mean, it = 5.5 x 107 cm/sec
standard error, s.e. = 6.1 x 10~ cn/sec.
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The mean values for soil hydraulic conductivity, plus or minus 1 standard error (s.e.) at
95 percent confidence, are:

Description . Soil Hydraulic Conductivity (cnv’s)

i -1 s.e. @ 95% confidence 43x%x 107
M 55x%107
U+ 1 s.e. @ 95% confidence 6.7x 10
Top Slope Runoff - )

Infiltration into the top slope cover is modeled in HEC-HMS with the Green-Ampt infiltration
model. Using this approach, the amount of precipitation that filters through the soil profile and
the infiltration capacity of the soil are governed by Richard’s equation that is derived by "~

combining an unsaturated-flow form of Darcy’s Law with conservation of mass. lnput required

for the Green-Apt model in HEC-HMS are, - !

initial loss = quantity of moisture initially in the soil. analogous to the initial abstraction
used in the SCS Runoff Curve 'Number Method: "+
k = soil hydraulic conductivity (cm)
&= wetting-front suction (cm)
" ¢ -6= porosity minus volumetrlc monsture content moisture volume deficit in cubic
centimeters or inches (cm® or in.) ‘

Initial loss is a function of the soil moisture present at the beginning of the precipitation event,
and is assumed to be 10 percent of mean annual precnpltatxon or 1.6 in. (4.06 cm) for the
Lakeview site.

Soil hydraulic conductivity is computed as explained above in Step 2 of this task. Wetting front
suction, 8.74 in. (22.2 cm),is estimated for the sandy loam soil from values provided by Rawls
(Rawls et al. 1982). Volumetric moisture deficit is determined from measured vales of porosity,
¢, and volumetric moisture content. &, obtained during the infiltration tests. Porosity and
volumetric moisture content test results are provided in Appendn G. Average porosity and
volumetrlc monsture content yield volume monsturc dcﬁcns mnom(7 bctween 0 320 and

0.482 cm’.

- . PR N

Surface roughness is modeled in HEC-HMS using a kinematic-wave model. Using the
kinematic-wave model, slope, leneth and surface roughness are used in a Manning’s equation
formulation that incorporates physically measured and estimated characteristics of the overland
flow basin; which in this case is the top slope of the dmposql cell. This approach creates a more
realistic model for the top surface of the disposal cell than the Rational Method used in the
original calculation. Values used for the kinematic-wave. overland-flow model used for the top
slope are: e

length = 500 ft .

slope =0.03 ft/ft

roughness = 0.15

DQE/Grand Junction Otfice Recalculation ot Du,. the Mintmum Median Diameter of Riprap tor the Side Slope
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These values apply to the entire area of the top slope of the disposal cell.

The estimated roughness value for the top slope is from the HEC-HMS user’s manual. Table 6-1
in the user’s manual is for short grass prairie and applicable to the Lakeview site. Results are in
Table 8, runs 7, 8, and 9.

Side Slope Runoff

The side slope of the disposal cell is covered with a layer of riprap 12- in. thick. The riprap rests
on an underlying layer of sand (sand-bedding layer) 6- in. thick. The riprap and sand-bedding
layers are naturally porous. They overlie a relatively impermeable radon barrier 18- in. thick.
For the riprap layer, the horizontal hydraulic conductivity is taken to be equal to the vertical
hydraulic conductivity. Saturated hydraulic conductivity values are used in a simplified HEC-
HMS runoff computation (the initial-loss module) to compute side-slope runoff.

Rock cover materials are assumed to be infinite with respect to hydraulic conductivity compared
to the underlying sand-beddigg layer. The sand-bedding layer is assumed to have a saturated
hydraulic conductivity of 10 cm/sec (Lambe and Whitman 1969).. = _- - -

Air-entry permeameter tests were performed in the upper and lower halves of the 18-in. thick
radon barrier in 1997 and 1998. These tests indicate that the mean saturated hydraulic
conductivity, a measure of permeability. is approximately four times greater in the upper half
than in the lower half of the radon barrier (Table 7; and Waugh. in progress).

Table 7. Saturated Hydraulic Conductivities, Side Slope Radon Barrier, Lakeview, Oregon, Disposal Site®

condition tested mean saturated hydraulic conductivity
(cm/s)

upper radon barrier 32x10°

lower radon barner 8.1 x10°

*Waugh (in progress)

A harmonic mean of the saturated hydraulic conductivities is computed by assuming that the
upper and lower portions of the 18-in. thick radon barrier are each 9 in. in thickness, or

Keat = 18"/ (9773.2 x 10° + 9718.1 x 10%) = 1.3 x 10° cmi/s
These conductivities and the calibrated PMP values from HEC-HMS are used to compute the
side slope component of runoff. Results are in Step 5.
Step 4. Model Surface Runoff for PMP and SPF

The mean and range of saturated hydraulic conductivity values were used with the calibrated
precipitation intensity and duration (from Steps 2 and 3) as input to HEC-HMS.
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Infiltration and surface funoff from the top slope are processes that reduce the’amount and
intensity of surface runoff. The Green-Ampt infiltration option was used with kinematic wave
analysis to model infiltration and surface runoff. By accounting for infiltration and surface
run_off, a more realistic value for surface runoff, expressed as’a unit discharge. can be used to
compute anew Dso. = NEDIPTELIIN - .
Top slope infiltration values calculated in Step 3 are used to run the HEC-HMS model with the
calibrated PMP, or PMP + 80 percent, as listed in Table 1, Column 5. Results from HEC-HMS
modeling of runoff on a vegetated, soil-covered slope. in this case the top slope of the disposal -
cell, are in Table 8. runs 7, 8, and 9. Side slope infiltration values. calculated in Step 3. are also
used to run the HEC-HMS model along with the calibrated PMP to produce runoff estimates for
the side-slope of the disposal cell. Results Tor the side slope is also in Table 8.

LK)

Table 8. HEC-HMS Vegetated Top Slope and Side Slope Runs, Calibrated PMP Precipitation

P

DS L P . R Peak Discharge Unit Discharge
Run #.., ] ' ’Qe‘scnptlon i s “- (cfs) < (cfel)

=7 - |~ 7 Green-Amptinfiltration, meank . Z 77| = T 717477~ - 0312
8 . | ° Green-Amptinfitration,meank—1SE.”" "| | = '~ 173"~ =l 70311
g 77| "Green-Amptinfiltration, meank+1SE" " |77 7 175 "~ " 71 - 0.314
10 |7 - T . sideslope 7 T T b7 T 210 ¢ 1 0.210"

T e - —m e = ~ - = [ J— - v e = - T e

Runoff calculations were also'performed for the SPF (minimum design storm) using HEC-HMS.
Identical infiltration conditions were assumed. Since, for the original design, runoff from a
smaller, 200-year, SPF storm event was not calculated, runoff from such a storm event is also
calculated here, again assuming an impervious, smooth surface, as a most conservative case.

" Results are in Table 8. ) R STt e

e

Step 5. Determine Total Side Slope Runoff

Calibrated PMP (PMP + 80 percent) is used to compute runoff from the side slope. Most of the -
runoff comes from the top slope as side-slope run-on (Table 9). A lessor component of side-slope
runoff is from precipitation that falls diréctly on the side slope: Runoff from the top slope, - -
expressed as unit discharge, is added to runoff from the side slope to calculate total runoff on the

side slope.

Table 9. Unit Discharge for Top Slope (Vegetated) and Side .Slope, Calculated for SPF Using HEC-HMS
" Model

_ o ... . .. | . PeakDischarge . Unit Discharge '
R’Hn# < .1 . Description BT U (efs) N I

3

' side slope, measured and assumed

NA '+ conductwity' ot - - 10479 - 0, 0105 -

£
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Step 6. Compute Ds, for Side Slope Riprap for PMP and SPF Events. Use the Simplified
Method (HEC-HMS model and Apt formula)

The newly computed total unit discharge (top slope runoff plus side slope runoft) is used to

calculate Dsg with the Apt formula in accordance with latest NRC guidance. “Design of Erosion

Protection for Long-Term Stabilization, NUREG 1623™ (Abt et al. 1998: Johnson 1999). The

result is compared to the initial calculation that used the Stephenson method (DOE 1989).

Minimum Dy values are computed for side slope erosion protection using both the simplified
formula in NUREG 1623 and the Stephenson method in the TAD. Unit discharges presented in
Tables 8 and 9 are added together for Dsy computations in Table 10.

Table 10. Minimum Ds, for Side Slope Riprap Calculated for Calibrated PMP and SPF b y Simplified and
Stephenson Methods . -

Dso(inCheS)
. Simplified | Stephenson..

Conditiion \ Ur?it Dis;:harge, q (cfsift)

Calibrated PMP

impervious surface. ——— 0.530 183 259

mean k AU - 0322 1.82 257

meank—-1S.E - . 0.521 N 1.82 2.57

meank+1SE 0524 182 258
SPF

meank | | 0295 | 132 | 176

Table 9 shows Dx results for both the calibrated PMP and SPF Storm events. Dso is calculated
for both storms using the original Stephenson Method specified in the TAD and the newer HEC-
HMS method in recent NRC guidance (DOE 1989: NRC 1999).

The original design. using Stephenson. determined D+ to be 2.6 in. (approximately). (A Dsg of
2.7 in. was eventually adopted.) This Technical Task. using the more recent HEC-HMS model.
recalculates Dy to be 1.8 in. [f NRC’s draft guidance is eventually adopted. the Ds recalculated
for the SPF would be 1.3 in. Pending implementation of the new guidance, DOE will adopt

1.8 in. as the appropriate standard for continuing annual gradation tests.

8.0 Discussion

The PMP computed by the remedial action project (MK-ES Calculation No.. 13-728-01-01 ) used
the method suggested by the NRC (DOE 1989: NRC 1986). With this method, the general one-
hour PMP storm is computed for the Lakeview area. The time of concentration., t, which is the
time for a water particle to travel across the top and down the side slope of the disposal cell -
(longest flow path), was computed with the Kirpich method (NRC 1986). PMP intensity was
adjusted, that is, increased. to account for the time of concentration by the method outlined by
Nelson (NRC 1986). This rainfall intensity is generally conservative in that it represents the peak
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rainfall intensity of the design storm. Because of the inherent conservatism in the Kirpich

method, the reanalyzed PMP had to be increased by 80 percent to achieve an identical runoff in

the HEC-HMS computation.

Estimates for infiltration and surface roughness, as variables, did not have any practical effect on
Ds, compared to an impervious, smooth surface. This is because of the intensity of extreme
design storms. Water from such storms falls so fast that infiltration does not occur to the extent
that might be expected and surface roughness is not effective in slowing the runoff.

Using the Simplified Method (HEC-HMS and Apt formula), the unit discharge is lower and the
calculated Dsp smaller. The decrease in Dsq, from 2.7 in. to 1.8 in., results from the computation
method used to determine Dso. The Simplified Method, used here, was derived from flume
studies, in which failure was defined as the point at which a rock particle was moved out of
place. While in the original Stephenson method, failure was defined on theoretical incipient
motion. Thus, for a given flow rate a smaller rock size will result for the Simplified Method
computation. The Simplified Method is more representative of natural storm conditions that can
be realistically expected at the site.

9.0 Conclusion

Based on this re-evaluation of runoff from the top slope of the Lakeview disposal cell and using
the Simplified Method to compute Dsp, the minimum median rock diameter necessary to protect
the disposal cell during a PMP event 1.8 in. The minimum Dso to protect the disposal cell from a
SPF — if adopted as the design storm — would be 1.3 in.

DOE/Grand Junction Office Recalculation of D, the Mimimum Median Diameter of Riprap for the Side Slope
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Appendix A
Lakeview PMP Determination
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2.4 Local-Storm Procedures - L T Lor -,

Two options are available for obtaining the local-storm PMP values. They are: - - -

: e T S S A T Tt AL oI
A. Obtain the average depth of PMP for a drainage without specifying its areal distribution, or .

B. Specify the areal distribution of the precibitati-on from a PMP storm within a drainage. »

Option A requires Steps 1-5 below; Option B requires that Steps 1 and 2 are used followed by Step 6. If
Option B is selected, a drainage average depth of the isohyetal precipitation pattern for various PMP
storm placements must be chosen. There will be as many average depths for the drainage as there are
placements for the PMP storm. The average depths of precipitation in a drainage obtained from'Option
B will be less than the average depth of PMP from Option A unless the drainage has the exact boundary
shape shown in Figure 2.20. = - S (R - ST

- LT N J Local-Storm Calculations -
Sep . oo )
1. One-hour, 1-mi2 local storm

Locate the basin on Figure 2.21 and determine the basin-average, 1-hour, 1-mi2, local-storm index
value of PMP. Use linear interpolation.

2. Adjustment for Mean Drainage Elevation

Determine the mean elevation of the drainage. No adjustment is necessary for elevations of 6,000
feet or less. If the mean elevation is greater than 6,000 feet, reduce the PMP from Step 1 by 9
percent for every 1,000 feet above the 6,000-foot level. Figure 2.22 can be used to graphically
determine this value.

As an example of the elevation adjustment let us assume we have a basin with a mean elevation of
8,700 feet (2,700 feet above 6,000 feet). The reduction factor would be 24.3 percent (2.7 times

.09), giving an elevation-adjusted PMP of 76 percent (rounded) of 1-hour, 10-mi2 PMP. Had
Figure 2.22 been used, a value of about 76 percent is read off the line labeled pseudo-adiabat for
an elevation of 8,700 feet.

3. Adjustment for Duration

The 1-miZ local-storm PMP estimates for durations less than 1 hour are obtained from Figure
2.23, as a percentage of the 1-hour amount from Step 2. For durations greater than 1 hour,
Jetermine the location of the basin on Figure 2.24, which provides a 6-hour to 1-hour ratio of the
local-storm PMP. Multiply this ratio by t%e I-hour local-storm PMP to obtain the 6-hour
local-storm PMP. The four multipliers on Figure 2.24 are defined as A (1.15), B (1.2), C (1.3), and
D (1.4) and correspond to the A, B, C, and 6 of Figure 2.23. Local-storm PMP amounts for
durations of 1 to 6 hours can be obtained from Figure 2.23 or Table 2.10 for specific durations.

4. Adjustment for Basin Area

Figures 2.25, 2.26, 2.27 and 2.28 give the area reductions to 500 mi2 depending on the 6-hour
depth-duration ratio used in Step 3. The reductions obtained for the selected durations and area of
the basin then are multiplied respectively by the results from Step 3, and a smooth curve is drawn
on graph paper for the plotted values to get estimates for durations not specified.

5. Temporal Distribution

04/02/2001 4:25 PM
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Review of local-storm temporal distributions for this region show that most local storms have
durations less than 6 hours and that the greatest 1-hour amount occurs in the first hour. The
recommended sequence of hourly increments is as follows: arrange the hourly increments from
largest to smallest as obtained directly by successive subtraction of values read from the smoothed
depth-duration curve. The most intense 1-hour of precipitation occurs in the first hour of the
storm, the second most intense hour in the second hour, and so forth.

. Areal Distribution for Local-Storm PMP

The elliptical pattern in Fiﬁure 2.20 and the tabulatec‘i‘ péfceﬁtages in Tables 2.11, 2.12, 2.13 and

2.14, are used to describe the areal distribution of precipitation of a local PMP storm. The 2:1 ratio-

of the major to minor axis of Figure 2.20 should be used or "placed" only on a map at a 1:500,000
scale. The average index value %om Step 2 (or Step 1 if no elevation adjustment is made) is

multiplied by each of the percentages from the appropriate table (Tables 2.11, 2.12, 2.13 or 2.1;1)'

to obtain the value for each lettered isohyet (A - J). Once the labels have been determined for each
application, the pattern can be moved to different placements on the basin. In most instances, the
greatest volume of precipitation will be obtained when the pattern is centered in the drainage.
However, peak flows may actually occur with placements closer to the drainage outlet. The
basin-averaged depth of precipitation is obtained for chosen local PMP storm placements.

04/02/2001 4:25 1
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Table 2.10. Depth-duration relations (percent of 1-hour amount) for 1-mi2 PMP for California
local storms. :
Duration (hours) _ Relationship Designator (see Figure 2.23) j{
HON L R b
0 0 l 0 0 0
0.25 55 ~ 55 55 55
0.50 79 79 79 79
0.75 91 I 91 91 91
1 100 ! 100 100 100 [‘
T 2 1095 | 1105 TV 17
3 112 ! 116 120 126
4 114 * 118 - 125 132
5 114.5 i 119 128 137
6 115 I 120 130 140..

04/04/2001 10:43 A




Appendix B
HEC-HMS runs



HMS * Summary of -Results

Project : LKV infiltration. . Run Name : Run 1 - .
PR v
Start of Run : 01Apr01-0800 Basin Model - : LKV topslope
End of Run : 01Apr01 1400 Met. Model - : 6-hr PMP

Execution Time : 12Sep0l 1056 Control Specs : 6-hour . . A

Hydrologic Discharge Time of - Volume Drainage ™ -
Element - Peak Peak - (ac . Area
l’ -(cfs) < ft) {sq mi)
topslope -76.868 01 Apr 01 0815 - 3:.8148 0.010
runoff 67.854 01 Apr 01 -0815 - -3.8849 0:010

Hue 5 CMP
Gravy - vmap™ te

utiry bepnlepe, | vow low ™ ® 415"
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HMS * Summary of Results

Project : LKV infiltration

Run Name : Run 2

Start of Run : 01lApr01 0800 Basgin Model LKV top slope #2
End of Run : 01lApr01 1400 Met. Model 6-hr pPMP -
Exacution Time : 12Sep0l Control Specs 6-hour
Hydrologic Discharge Time of Volume * Drainage
Element Peak Peak (ac Area
(cfs) £t) - (sq mi)
topslope#2 121.18 01 Apr 01 0815 5.2519 0.010
runocff 108.54 01 Apr 01 0815 5.3528 0.010
| s &;J YUt
tme ~c5  fmp
Lo toprrast | Elaw Vuor s bs
epbir e f{,g.:v‘:w\ ) vy N e L4 ~15
L
widHa > 5%
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Project : LKV .top slope #3 -

Start of Run : ‘01Apr'0i 8800

End of Run

Execution Time

HMS * Summary of Results

Run Name : Run-3

i

Basin Model : top slépe #3

01lApr0l1 1400 Met. Model : ‘6-hr PMP
12Sep01 1523

Control Specs : .6-hour

i v -

Hydrologic Discharge: . Time of ~. Volume Drainage
Element . -Peak Peak SO (ac .JArea
(cfs) £t) (sq mi)
top slope #3 121.02 01 Apr 01 0815 -; 5.2236 om
runof £ 108.39 01 Apr 01 0815 ;- 5.3249 . 0&010
=2 . -
“AAF—"V‘b\Ij \ .

Huw f~o¢ ¥
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HMS * Summary of Results

Project : LKV top slope #3 Run Name : Run 4
Start of Run : 01Apz0l1 0800 Bagin Model : top slope #3
End of Run : 0lApr0l1l 1400 Met. Model : 6-hr PMP

Execution Time : 12SepOl 1551 Control Specs : 6-hour

Hydrologic Discharge *  Time of Volume Drainage
Element Peak - Peak (ac Area
(cfs) ‘ £t) (8q mi) j
/}
top slope #3 121.02 01 Apxr 01 0815 6.3137 0.010
runof £ 108.39 01 Apr 01 0§15 6.4653 0.010
lmeirwzus
e 58 PmMP @ § win ?
h=c.olo
L=_5@o'
W = 557¢,

|21.62/s57 ¢, = 0.22 <Ly
/ 76 22 /J:t UF el-e<‘|(;.
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HMS * Summary of Results

Project : LKV top slope #3 . Run Name : Run 5  :@ = T
Start of Run : 01lApr0l1 0800, Basin Model : :._top slope.#3
End of Run : OlApr0l1 1400 - Met. Model - -~": 6-hr PMP, HMR 58+~
Execution Time : 12Sep0l 1610 Control Specs :- 6-hour

\,
\,

Hydrologic Discharge . Time of K Volume Drainage ~
Element Peak i Peak (ac Area - LT
{cfs). - - £t) {sq mi)
" ‘top slope #3 133.04 01 Apr 01 0815 _ 5.7427 .0.010 -
runoff 119.459 0l1l- Apr 01 081§ . 5.,8519 -0.010 Tt
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HMS * Summary of Results

Project : LKV top slope #3 Run Name : Run 6
Start of Run : 01lApr0l1l 0800 Basin Model : top slope #3
End of Run : 01Apr0l1 1400 Met. Model : 6§ hr PMP, HMR 58 ++
Execution Time : 12Sep0l 1627 Control Speca : 6-hour
Hydrologic Discharge Time of Volume Drainage
Element Peak Peak (ac Area
(cfs) ft) (sq mi)
top slope #3 218,22 01 Apr 01 0815 9.3913 0.010
runoff 198.64 01 Apr 01 0815 9.5550 0.010
Aisw = 0010
- ’
L =520
W = 8576
7——‘? ?"_/ :.‘.‘;?./a - C) '(’\—\- ('“:‘/‘i::’_f_ —




HMS * Summary of Results for .top slope #3 .

Project : LKV top slope #3 . Run Name : Run 6
%

Start of Run

End of Run

Execution Time : 12Sep0l 1645

Coxputed Results

Peak Discharge
Total Preéipitat}on
Total Loss

Total Excess -

.

:+ 01Apr0l 0800 Bagin Model -:

: O1AprO0l1 1400 Met. Model :’6 hr PMP, HMR 5B ++
Control Specs : 6-hour™ -

218.22 (cfs)

17.61 (in) Total Direct Runoff
Rt bt piidutabobifodib i

0.00 (in) Total Baseflow
17.61 (in) Total Dficharge

top slope #3 °

: 1761 (4n)

: 0.00 (in)

*:717.61 (in)

[

Date/Time of Peak Discharge : 01 Apr 01 0815

s



HMS * Summary cf Results for top slope #3

Project : LKV top slope #3

Start of Run ¢ 0lApzr0l 0800

Basin Model

Run

Name : Run §

top slops #3

End of Run ¢ 01lApr0l 1400 Met. Model ¢ &§ hr PMP, HMR 58 ++
Exscution Time : 12Sep0l 1645 Control Specs : 6-hour

Date Time Precip. Loss Excess Direct Bage- Total
(in) (in) {in) Q flow Q
(cts) (cfs) (ctfs)
01 Apr 01 0800 0.00 0.00 0.00
01 Apr 01 0815 8.47, 0.00 8.47 218.22 0.00 218.22
01l Apr 01 0830 3.60 0.00 3.60 92.73 0.00 92.73
01 Apr 01 0845 1.80 0.00 1.80 46.42 0.00 46.42
01 Apr 01 0900 1.44 0.00 1.44 37.02 0.00 37.02
01 Apr 01 0915 0.36 0.00 0.36 9.36 0.00 3.3¢6
0l Apr 01 0830 0.36 0.00 0.36 9.29 0.00 9.29
01 Apr 01 0945 0.36 Q.00 0.36 .29 0.00 9.29
01 Apr 01 1000 0.36 0.00 0.36 9.26 0.00 9.26
01 Apr 01 1015 0.09 0.00 0.09 2.70 0.00 2.70
01 Apr 01 1030 0.09 0.00 0.09 2.33 0.00 2.33
01 Apr 01 1045 0.09 0.00 0.09 2.32 0.00 2.32
01 Apr 01 1100 0.05% 0.00 0.09 2.32 0.00 2.32
01 Apr 01 1115 0.09 0.00 0.09 2.32 0.00 2.32
01 Apr 01 1130 0.09 0.00 0.09 2.32 0.00 2.32
01 Apr 01 1145 0.09 0.00 0.09 2.32 0.00 2.32
01 Apzr 01 1200 0.0 0.00 0.08 2.31 0.00 2.31
01 Apr 01 1215 0.02 0.00 0.02 0.92 0.00 0.92
01 Apr 01 1230 0.02 0.00 0.02 0.52 0.00 0.52
01 Apr 01 1245 0.02 Q.00 0.02 0.47 0.00 0.47
01l Apr 01 1300 0.02 0.00 0.02 0.46 0.00 0.46
0l Apr 01 1318 0.02 0.00 0.02 0.46 0.00 0.46
01 Apr 01 1330 0.02 0.00 0.02 0.46 0.00 0.46
01 Apr 01 1345 0.02 0.00 0.02 0.46 0.00 0.46
01 Apr 01 1400 0.02 0.00 0.02 0.46 0.00 0.46

1703




HMS =*

Summary of Results-

Project : LKV top slope #3 Run Name : Run 7 .

3
S0

¢

Start of Run  : OlApr0l 0800
End of Run + 01Apr01 1400
Execution Time : 17Sep0l 1335

P
+

Bagin Model . : LKV tops‘lope o
Met.- Model .t 6 hr PMP, EMR 58 ++

Control Specs : 6-hour - R

Hydrologic Discharge Time of Volume Drainage
Element Peak Peak . (ac . ..Area
(cfs) ) £t) (g mi)

topslope 174.07 01 Apr 01 0815 . .7.9401 - 0.010
runoff 157.52 ‘ 01 Apr 01 0815 _ 8.0776 . 0.010

AY-"& - o .c\O
(=5
£ w-—- 557[,9‘
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% ey T
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Computed Results

Peak Discharge

Total Pracipitation

Total Rxcesa

Project

Start of Run

Execution Time

HMS * Summary of Results for topslope

174.07 (cfa)
17.51 (in)
2.82 (in)

14.80 (in)

LKV top slope #3 Run Name : Run 7
01Apr0l 0800 Basin Model : LKV topslope
01Apr0l1 1400 MNet. Model : € hr PMP, EMR 58 ++

17Sep01 1335 Control Specs : 6-hour

ﬁatclrima of Peak Discharge : 01 Apr 01 0815
Total Direct Runoff : 14.89 (in)
Total Baseflow : 0.00 (in)

Total Discharge :t 14.89 (in) *




HMS * Summary of Results for topslope .

Project : LXKV top slope #3 . Run Name : Run 7 & .. & PR

Rel

<

Start of Run : OlApr01 0800  Basin Model ~ : LXKV topslope - M b

End of Run : OlAproOl 1400 Met. Model - :'6 hr PMP, HMR 58 ++ . .

-

Exscution Time : 17Sep0l1 1335 Control Specs : 6-hour R Tl

Date Time Precip. Loss - Excess z DPirect Base- Total
(in) (in) (in) R Q flow Q

- (cfs) (cfsm) (cfse)

01 Apr 01 0800 ~ 4 3 ' 7 ~0.00 7 0.00 0.00
01 Apr 01 0815 ; 8.47 1.72 6.75 11 174.07 0.00 174.07
01 Apr 01 0830 3.60 0.12 3.48 89.65 0.00 89.65
01 Apr 01 0845 1.80 0.10 1.70 43.96 0.00 43.96
01 Apr 01 0500 1.44 0.08 1.36 35.00 0.00;' 35.00
01 Apr 01 0915 0.36 0.07 0.29 7.87 0.00 7.87
01 Apr 01 0830 0.36 0.07 0.28 7.53 0.00 7.53
01 apr 01 0845 0.36 0.06 0.30 7.65 0.00 '7.65
01 Apr 01 1000 0.36 0.06 0.30 7.74 0.00 7.74
01 apr 01 101S 0.09 0.06 0.03 2.15 0.00 ?.15
01 Apr 01 2030 0.09 0.05 0.04 0.59 0.00" - .0.99
01 Apr 01 1045 0.09 0.05 0.04 B 0.95 0.00 0.95
01 Apxr 01 1100 0.09 0.05 0.04 1.00 0.00 1.00
01 Apr 01 1115 0.09 0.05 0.04 1.05 0.00 1.05
01 Apr 01 1130 0.09 0.05 0.04 1.09 0.00 1.09
01 Apr 01 1145 0.09 0.05 0.04 1.12 0.00 1.12
01 aApr 02 1200 0.09 0.04 0.05 .15 0.00 1.15
01 Apr 01 121‘5 0.02 0.02 0.00 0.67 0.00 0.67
01 Apr 01 1230 0.02 0.02 0.00 0.25 0.00 0.25
01 Apr 01 1245 0.02 0.02 0.00 ,0.12 0.00 0.12
01 Apr 01 1300 0.02 0.02 0.00 0.08 0.00 0.08
01 Apr 01 1315 0.02 0.02 0.00 0.06 0.00 0.06
01 Apr 01 1330 0.02 0.02 0.00 0.05 0.00 0.05
01 Apr 01 1345 0.02 0.02 0.00 0.05 0.00 0.05
01 Apr 01 1400 0.02 0.02 0.00 0.05 0.00 0.05



HMS * Summary of Results

Project : LKV top slope #3 Run Name : Run 8
Start of Run : 01lApzr01 0800 Basin Model : LKV topslope +
End of Run : 01Apxr0l1l 1400 Mat. Model : 6 hr PMP, HEMR 58 ++

Bxecution Time : 17SepOl 1349 Control Specs : 6-hour

Hydrologic Discharge Time of Volume Drainage
Element Peak Peak (ac Area
(cfa) fr) (aq mi)

topslope 173.32 01 Apr 01 0815 7.8626 0.010
runoff 156.83 01 Apr 01 0815 7.9993 0.010
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Project : LXV top slope #3

Start of Run

End of Run

Execution Time : 17Sep0l 1349

Computed Results

Peak Discharge

Total Pr.cibitation

Total Loss. [O,?

Total Excess .~

v

HMS * Summary of Results for topslope

«\.%_,'7«

"

: OlApr0l 0800 Basin Model

: OlAprOl 1400

173.32 (cfs)
17.61 (in)
2.96 (in)

14.65 {in)

Met. Model

Control Specs

.
H

Run Name : Run 8

LXV .topslope + -

B
-
b

hr PMP, HMR 58 ++

6-hour .

Date/Time of Peak Discharge : 01 -Apr 01

Total Direct Runoff

Total Baseflow

Total Discharge

‘14.74 (in)
0.00 (im}

14.74 (in)

0B1S

U |



HMS * Summary of Results for topslope

Project : LKV top slope #3 Run Name : Run 8
Start of Run ¢ 0lApr0l 0800 Basgin Model : LKV topslope +
End of Run t OlAprOl1l 1400 Ket. Model : 6 hr PMP, HMR 58 ++

Execution Time : 17Sep0l 1349 Control Specs : 6-hour

Date Time Preacip. Loss Excess Direct Base- Total
(in) (in) (in) Q flow Q

(cts) (cfa) (cts)

01 Apr 01 0800 0.00 0.00 0.00
01 Apr 01 0815 8.47 1.75 6.72 173.32 0.00 173.32
01 Apr 01 0830 3.60 0.14 3.46 89.30 0.00 89.30
01 Apr 01 0845 1.80 0.11 1.69 43.69 0.00 43.69
01l apr 01 0300 1.44 0.05 1.35 34.75 0.00 34.75
01 Apr 01 0915 0.36 0.08 0.28 7.67 0.00 7.67
01 apr 01 0930 0.36 0.08 0.28 7.32 g.00 7.32
01 Apr 01 0945 0.36 0.07 0.29 7.46 0.00 7.46
01 Apr 01 1000 0.36 0.07 0.29 7.55 0.00 7.55
01 Apr 01 1015 0.09 0.06 0.03 2.03 0.00 2.03
01 Apr 01 1030 0.09 0.06 0.03 0.84 0.00 0.84
01 Apr 01 1045 0.09 0.06 0.03 0.78 0.00 0.78
01 Apr 01 1100 0.09 0.06 0.03 0.83 0.00 0.83
01 Apr 01 1118 0.08 0.05 0.04 0.88 0.00 0.88
01 Apr 01 1130 0.09 0.05 0.04 0.93 0.00 0.93
01 Apr 01 1145 0.09 0.05 0.04 0.97 0.00 0.97
01 Apr 01 1200 0.09 0.05 0.04 1.00 0.00 1.00
01 Apr 01 1215 0.02 0.02 0.00 0.61 0.00 0.61
01 Apr 01 1230 0.02 0.02 0.00 0.24 0.00 0.24
01 Apr 01 1245 0.02 0.02 0.00 0.12 0.00 0.12
01 Apr 021 1300 0.02 0.02 0.00 0.08 0.00 0.08
01 Apr 01 13158 0.02 0.02 0.00 0.06 0.00 0.06
01 Apr 01 1330 0.02 0.02 0.00 0.0S 0.00 0.05
01 Apr 01 1345 0.02 0.02 0.00 0.05 0.00 0.05
01l Apx 01 1400 0.02 0.02 0.00 0.05 0.00 0.05
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HMS * Summary of Results

Project : LKV top slope #3

Start of Run : 01Apr01l 0800, .Basin Model

.

- -Run Name : Run:S

-
H

-

LKV topslope -

End of Run :+ OlApr0l1 1400 Met. Model :+ 6 hr PMP, HMR 58 .++
BExecution Time : 17Sep0l1l 1354 Control Specs : &§-hour
f Hydrelogic Discharge Time of Volume Drainage
‘ Element Peak Peak {ac Area
(cfs) ‘ £t) (sq mi)
topslope 174.89 01 Apr 01 0815 8.0234 0.010
runoff 158.29 01 Apr 01 0815 8.1613 0.010

A’*c. C.cho
L= sce”
LU:‘ 55‘7(}"
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HMS * Summary of Results for topslope -
Project : LXKV top slope #3 Run Name : Run 9
Start of Run ¢ 0lApr0l 0800 Basin Model : LKV topslope -
End of Run : 0lApr0Ol 1400 Met. Model : 6 hr PMP, HMR 58 ++

Exscution Time : 17Sep0l 1354 Control Specs : 6-hour

Computed Results

Peak Digcharge : 174.89 (cfs) Date/Time of Peak Discharge : 01 Apr 01 0815
Total Precipitation : 17.61 (in) Total Direct Runoff : 15.04 (in)
Total Loss - 7t 2.66 (din) Total Baseflow : 0.00 (in)
Total Excess ,.:- v t 14.96 (in) Total Discharge : 15.04 (in)
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Project

HMS * Summary of Results:for topslope -

start of Run :

Bnd of Run H

Execution Time :

LKV top slcpe #3 -~

01lApr0l 0B0O
0l1Aapr0l 1400

17Sep01 1354

Basin Mode

Mat. Model

Run Name : Run 9

1 -7 : LKV-topslops -

"{ € hr PMP, HMR 58 ++

Control Specs-.: €-hour

Date Time Precip. Loss Excess *" Direct Base< Total
(in) {in) (4n) T e flow 0

{cEs) (cts) (cfs)

01 Apr 01 0800 i Te.00 0.00 - 0.00
01 Apr 01 0815 8.47 1.69 6.78 -174.89 0.00 174.89
01 Apr 01 0830 3.60 0.11 3.49 $0.05 0.00 90.05
01 apr 01 0845 1.80 0.08 1.72 44.27 0.00 . 44.27
01 Apr 01 0900 1.44 0.07 1.37 35.25 0.00 35.25
01 Apr 01 0915 0.36 0.06 0.30 8.09 0.00 8.09
01 Apr 01 0830 0.36 0.06 0.30 7.76 0.00 7.76
01 Apr 01 0945 0.36 0.06 0.30 7.87 0.00 7.87
01 Apr 01 1000 0.36 0.05 0.31 7.94 0.00 7.94
01 Apr 01 1015 0.09 0.05 0.04 2.27 c.00 2.27
01 Apr 01 1030 0.09 0.05 0.04 1.16 0.00 1.16
01 Apr 01 1045 0.09 0.05 0.04 1.14 0.00 1.14
01 Apr 01 1100 0.09 0.04 0.05 l1.18 0.00 1.18
01 Apr 01 1115 0.09 0.04 0.05 1.22 0.00 1.22
01l Apr 01 1130 0.09 0.04 0.05 1.26 0.00 1.26
01 apr 01 1145 0.08 0.04 0.05 1.29 0.00 1.29
01 Apr 01 1200 0.09 0.04 0.05 1.31 0.00 1.31
01 Apr 01 1215 0.02 0.02 0.00 0.73 0.00 0.73
01 Apr 01 1230 0.02 0.02 0.00 0.26 0.00 0.26
01 Apr 01 1245 0.02 0.02 0.00 0.13 0.00 0.13
01 Apr 01 1300 0.02 0.02 0.00 0.08 0.00 0.08
0l Apr 01 1315 0.02 0.02 0.00 0.06 0.00 0.06
01 Apr 01 1330 0.02 0.02 0.00 0.05 0.00 0.05
01 Apr 01 1345 0.02 0.02 0.00 0.05 0.00 0.05
01 Apr 01 1400 0.02 0.02 0.00 0.05 0.00 0.05



HMS * Summary of Results
Project : LKV top slope #3 Run Name : Run 10
Start of Run ¢ OlAprOl 0800 Basgin Model : LKV.gide slope

End of Run : 0lApr01 1400 Met. Model : 6 hr PMP, HMR 58 ++
Exacution Time : 17Sep0l 1456 Control Specs : 6-hour

Hydrologic Discharge Time of Volume Drainage
Element Peak Peak (ac Area
(c£s) ft) (sq mi)
side slope 209.57 01 Apr 01 0815 9.4657 0.010
runoff 190.57 01 Apr 01 0815 $.6171 - 0.010
) 4
L() ot 00(
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- HMS + Summary of Results for side slope

Project : LKV top slope #3 " Run Name : Run 10

Start of Run : Olapr0l 0800 ‘Basin Nodel : ixv side slope

'

Bad of Run : 01AprOl 1400 Met. Modal : € hr PMD, EMR 58 ++

Execution Time : 17Sep0l 1456 Control Specs :'S;héuf

\ - Computed Results - . . . - .

Peak Discharge : 209.57 (cfs) Date/Time of Peak Discharge : 01 Apr 01 0815
<

Total Precipitation : 17.61 (in) Total Direct Runoff : 18.30 (in)

r

- Total Loss : 0.04 (in) Total Baseflow : 0.00 (in)

Total Excess : 17.58.(in) Total Disgharge : 18.30 {in) .

N
[

-~



Project

ey — ———a -

Start of Run H

LXKV top slope #3

0lAprOl 0800

e AV e v e -

Bagin Model

Run

- - ——p -

Name : Run 10

LXV side slope

Bnd of Run : OlApr0l 1400 Met. Model : 6 hr PMP, HMR 58 ++
Execution Time : 17Sep0l 1456 Control Specs : 6-hour '
Date Time Precip. Loss Excess Direct Base- Total i
(1n) (in) (in) ) flow a '
{cts) (cfs) (cts) .
01 Apr 01 0800 0.00 0.00 0.00 &
01 Apr 01 081s 8.47 0.02 8.45 209.57 0.00 208.57
01 Apr 01 0830 3.60 0.00 3,60 91.81 0.00 91.81 J
01 Apr 01 0845 1.80 0.00 1.80 47.70 0.00 47.70 1
01 Apr 01 0300 1.44 0.00 1.44 36.98 0.00 36.98
01 Apr 02 0915 0.36 0.00 0.36 15.34 0.00 15.34 :
01 Apr 01 0330 0.36 0.00 0.36 9.83 0.00 9.83
01 Apr 01 0945 0.36 0.00 0.36 9.08 0.00 9.08 '
01 Apr 01 1000 0.36 0.00 0.36 8.86 0.00 8.86 -
01 Apr 01 1015 0.09 0.00 0.09 5.51 6.00 5.51 .
01 Apr 01 1030 0.09 0.00 0.09 3.36 0.00 3.36 ¢
01 Apr 01 1045 0.09 0.00 0.08 2.60 0.00 2.60
01 apr 01 1100 0.09 0.00 0.09 2.34 0.00 2.34 !
01 apr 01 11158 0.09 0.00 0.0 2.27 0.00 2.27 ‘
01 Apr 01 1130 0.09 0.00 0.09 2.25 0.00 2,25
01 Apr 01 1145 0.09 0.00 0.09 2.24 0.00 2.24
01 Apr 01 1200 0.09 0.00 0.09 2.23 0.00 2.23
01l Apr 01 1215 0.02 0.00 0.02 1.70 0.00 1.70
01 Apr 01 1230 0.02 0.00 0.02 1.20 0.00 1.20
01 Apr 01 1245 0.02 0.00 0.02 Q.84 0.00 0.84 L
01 Apr 01 1300 0.02 0.00 0.02 0.67 0.00 0.67
01 Apr 01 131§ 0.02 0.00 0.02 i 0.56 0.00 0.56
01 Apr 01 1330 0.02 0.00 0.02 0.50 0.00 0.50
01 Apr 01 1345 0.02 0.00 0.02 0.47 0.00 0.47
01 Apr 01 1400 0.02 0.00 0.02 0.46 0.00 0.46

3y




HMS * Summary or Results

Project : LKV top slope #3 Run Name :

Run 11

Start of Run : 01Jun$S9 0800 Basgin Model : LKV-topslope

End of Run : 02Jun89 0800 Met. .Model : 8SCS 200 yr

Execution Time : 17Sep0l 15189 Control Specs : 24-hour

Hydrologic Discharge Time of Volume Drainage

Element Peak Peak (ac Area

(cfs) ft) {sq mi)

topslope 0.88710 01 Jun ?9 2000 . .0.16784 0.010

runoff 0.81801 01 Jun 99 2000 0.16932 0.010
w=557.é~

i
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HMS * Summary of Results for topslope

Project : LKV top slope #3 Run Name : Run 11

Start of Run : 01Jun$9 0800 Basin Model : LKV topslope

End of Run : 02Jun99 0800  Met. Model : SCS 200 yr

BExecution Time : 17Sep0l 1519 Control Specs : 24-hour

Computed Rasults

Peak Discharge
Total Precipitation
Total Loss

Total Excess

3

0.88710 (cfas)
3.15 (in)
2.83 (in)

0.32 (in)

Date/Time of Peak Dilcharge : 01 Jun 99
Total Direct Runoff : 0.31 (in)
Total Baseflow : 0.00 (in)

Total Discharge : 0.312 (in)

2000




HMS * Summary of Results for topslope

Project : LKV top Blope #3 Run Name : Run 11

Start of Run - ~: 01lJunS9 0800 Bagin Model. . : LXKV topslope .

End of Run : 02Jun93% 0800 Met. Model : §CS 200 yr

Execution Time : 17Sep0Ol 15159 Control Specs : 24-hour

Date Time Precip. Loss Excess -~ Direct Base-""~ Total
(in) (in) (in) Q £low [}

{cfs) (cts) (cts)

Jun 99 0800 . N 0.00000 0.00000 0.00000
Jun S8 0900 0.03 0.03 0.00 - 0.00264 0.00000 0.00264
Jun 99§ 1000 0.04 0.03 0.00 0.019857 0.00000 0.01857
Jun 89 1100 0.04 0.04 0.00 0.02453 0.00000 0.02453
Jun 99 1200 0.04 0.04 0.00 0.02664 >~ 0.00000 0.02664
Jun 93 1300 0.05 0.04 0.00 0.02940 ‘30.00000 0.02940
Jun 88 1400 0.05 0.05 0.01 0.03322 0.00000 _ 0.03322
Jun 99 1500 0.06 0.05 0.01 0.03741 0.00000 0.03741
Jun 99 1600 0.07 0.06 0.01 0.04164 0.00000 0.04164
Jun 88 1700 0.08 0.08 0.01 0.05227 0.00000 0.05227
Jun 99 1800 0.11 0.10 . 0o.01 0.06653 0.00000 0.06693
Jun 99 1500 0.17 0.15 0.02 0.10842 0.00000 0.10842
Jun 99 2000 1.35 1.21 0.14 0.88710 0.00000 0.88710
Jun 895 2100 0.34 0.31 0.03 0.22755 0.00000 0.22755
Jun 99 2200 0.15 0.14 0.02 0.10403 0.00000 0.10403
Jun 99 2300 . 0.11 0.09 0.01 0.07166 0.00000 0.07166
Jun 99 2400 0.08 0.08 0.0 0.05638 0.00000 0.05638
Jun 85 0100 0.07 0.06 0.01 0.04645 0.00000 0.04645
Jun 95 0200 0.06 0.05 0.01 0.04042 0.00000 0.04042
Jun 99 0300 0.05 0.05 0.01 0.03547 0.00000 0.03547
Jun 99 0400 .05 0.04 0.00 0.03071 0.00000 0.03071
Jun 99 0500 0.04 0.04 0.00 0.02707 0.00000 0.02707
Jun 99 0600 0.04 0.03 6.00 0.02539 0.00000 0.02539
Jun 99 0700 0.04 0.03 0.00 0.02428 0.00000 0.02428

Jun 59 0800 0.04 0.03 0.00 0.02334 0.00000 0.02334




HMS * Summary o©or Results

Project : LKV top slope #3 Run Name : Run 12
Start of Run : 0lJun9s 0800 Basin Model ¢ LKV side slope
End of Run : 02Jun99% 0800 Met. Model : SCS 200 yr

Execution Time : 17Sep0l 1523 Control Specs : 24-hour

a4

Hydrologic Discharge Time of Volume Drainage
Element Peak Peak (ac Area
(cfs) £t) (sq mi)

side slope 8.2753 01 Jun 99 2000 1.5770 0.010
runoff 7.9154 01 Jun 99 2000 1.5859 0.010

- &
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Project : LXV top slope #3

HMS * Summary of Results for

-
~ %

Start of Run : 01Jun95 0800 Basin Model

End of Run s 02Jun9% 0800 Met. Model

Execution Time : 17Sep0l1 1523 Control Specs

Computed Rasults
Peak Discharge
Total Precipitation
Total Loss

Total Excess

8.2753 (cfs)
3.1§’(1n)
0.07 (im)

3.08 (in)

Run

side slope

Name : Run 12

: LKV side slope
: SCS 200 yr

: 24-bour

Date/Time of Peak Discharge : 01 Jun 99

Total Direct Runoff
Total Baseflow

Total Discharge

3.05 (in)
0.00 (in)

3.05 (in)

2000



HMS * Summary of Results for

Project

Start of Run

I3
H

LKV top slope #3 Run

01JunS9 0800

Basin Modal

side slope

Name : Run 12

LKV side slope

BEnd of Run : 02Jun99% 0800 Net. Model ¢ SCS 200 yr
Execution Time : 17Sep0l1 1523 Control Speacs : 24-hour

Date Time Precip. Loss Bxcess Diresct Base- Total
{in) (in} (in) Q flow Q
(cfs) (cts) (cfs)
01 Jun 99 0800 0.0000 0.0000 0.0000
01 Jun 99 0900 0.03 0.02 0.01 0.0041 ¢.Q000 0.0041
01 Jun 95 1000 0.04 0.00 0.03 0.0599 0.0000 0.0599
01 Jun 99 1100 0.04 0.00 0.04 0.1841 0.0000 0.1841
01 Jun 99 1200 0.04 0.00 0.04 0.2434 0.0000 0.2434
01 Jun 99 1300 0.05 0.00 0.05 0.2709 0.0000 0.2709
01 Jun 99 1400 0.05 0.00 0.05 0.3077 0.0000 0.3077
01 Jun 983 1500 0.06 0.00 0.06 0.3478 0.0000 0.3478
01 Jun 99 1600 0.07 0.00 0.06 0.3899 0.0000 0.3898
01 Jun 99 1700 0.09 0.00 0.08 0.485¢ 0.0000 0.4854
01 Jun $9 1800 0.11 0.00 0.11 0.6383 0.0000 0.6383
01 Jun 99 1300 0.17 0.00 0.17 1.1165 0.0000 1.1165
01 Jun 99 2000 1.35 0.00 1.35 8.2753 0.0000 8.2753
01 Jun 99 2100 0.34 0.00 0.34 2.2082 0.0000 2.2082
01 Jun 99 2200 0.15 0.00 0.15 1.0354 0.0000 1.0354
01 Jun 99 2300 0.11 0.00 0.10 0.6954 0.0000 0.6554
01 Jun 99 2400 0.08 0.00 0.08 0.5446 ¢.0000 0.5446
02 Jun 99 0100 0.07 0.00 0.07 0.4457 0.0000 0.4457
02 Jun 99 0200 0.06 0.00 0.06 0.3823 0.0000 0.3823
02 Jun 59 0300 0.05 0.00 0.05 0.3362 0.0000 ' 0.3362
02 Jun 99 0400 0.0S 0.00 0.04 0.2850 0.0000 0.2890
02 Jun 99 0500 0.04 0.00 0.04 0.2538 0.0000 0.2538
02 Jun 99 0600 0.04 0.00 0.04 0.2362 0.0000 0.2362
02 Jun 939 0700 0.04 0.00 0.03 0.2238 0.0000 0.2238
02 Jun 93 0800 0.04 0.00 0.03 0.2151 0.0000 0.2151

PRV F—
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Project

Start of Run
End of Run

Execution Time

.
.

HMS * Summary-of Results -

LKV top slope .#3

L

01lJun9S 0800
02Jun99 0800
25Sep01 1320 -.Control-Specs : 24-hour

Run Name : .Run 13
: :

Basin Model : top slope #3
Met. Model : SCS 200 yr

Hydrologic Discharge Time of Volume Drainage
Element . Peak . Peak (ac Area
(cfs) ft) (sgq mi)
top slope #3 8.6741 01 Jun 99 2000 - 1.6710 0.010
runoff 8.2996 01 Jun 8§ 2000 1.68089 0.010
/ll-((. o, 0wy T
=g
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. - £ T s
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HMS * Summary of Results for top slope #3

Project : LKV top slope #3 Run Name : Run 13
Start of Run ¢ 01Jun$9 0800 Basin Model : top slope #3
End of Run : 02Jun99% 0800 Met. Model : SCS 200 yr

Execution Time : 25Sep0l1 1320 Control Spacs : 24-hour

Computad Results

Peak Discharge : 8.6741 (cfs) Date/Time of Peak Discharge : 01 Jun 99 2000
Total Precipitation : 3.15 (in) Total Direct Runoff : 3.13 (in)
Total Loss : 0.00 (in) Total Bageflow : 0.00 (in)

Total Excess ¢ 3.15 (in) Total Discharge : 3,13 (in)

e
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HMS * Surmary of Results for top slope #3

Project : LKV top slope #3 ~ Run Name : Run 13
Start of Run  : 01Jun93 0800 Basin Model _ : top slope #3
Bnd of Run : 02Jun9S 0800 Met. Model. _: SCS 200 yr .

Execution Time : 25Sep0l 1320 Control Specs : 24-hour - oo

Date " Time Precip. Loss - . Excess _: -~ Direct Basge- Total
(in) (in) (in) - . Q - flow Q

(cfs) {cfs) (cfs)

Ol‘Jun 89 o 0800 ) - P , 0.0000 0.0000 0.0000
01 Jun 8§95 0500 0.03 0.00 0.03 . 0.2118 0.0000 0.2118
01 Jun 99 1000 0.04 0.00 0.04 0.2339 0.0000 0.2339
01 Jun 99 1100 0.04 0.00 0.04 0.2542 6.0000 0.2542
01 Jun 89 1200 0.04 0.00 0.04 0.2747 0.0000 0.2747
01 Jun 99 1300 0.05 0.00 0.05 0.3051 0.0000 0.3051
01 Jun 99 1400 0.05 0.00 0.05 0.3458 0.0000 0.3458
01 Jun 98 1500 0.06 0.00 0.06 0.3865 0.0000 0.3865
01 Jun 98 1600 0.07 0.00 0.07 0.4281 0.0000 0.4281
01 Jun $8 1700 0.09 0.00 0.09 0.5502 0.0000 0.5502
01 Jun 99 1800 0.11 0.00 0.11 0.6946 0.0000 0.6946
01 Jun $9 1500 0.17 0.00 0.17 1.1368 0.0000 1.1368
01 Jun 89 2000 1.35 0.00 1.35 8.6741 0.0000 8.6741
01 Jun 99 2100 0.34 0.00 0.34 2.2100 0.0000 2.2100
01 Jun 89 2200 0.15 0.00 0.15 0.8731 0.0000 0.8731
01 Jun 89 2300 0.11 g.00 .11 0.6796 0.0000 0.6796
01 Jun 99 2400 0.08 0.00 0.08 0.5378 0.0000 0.5378
02 Jun 99 0100 0.07 0.00 0.07 0.4428 0.0000 0.4428
02 Jun 99 0200 0.06 0.00 0.06 0.389% 0.0000 0.3888
02 Jun 8% 0300 0.05 0.00 0.05 0.3393 0.0000 0.3393
02 Jun 99 0400 0.05 0.00 0.05 0.2504 0.0000 0.2904
02 Jun 85 0500 0.04 0.00 0.04 0.2582 0.0000 0.2582
02 Jun 85 0600 0.04 0.00 0.04 0.2500 0.0000 ©.2500
02 Jun 99 0700 0.04 0.00 0.04 0.2378 0.0000 0.2378

02 Jun 99 0800 0.04 0.00 0.04 0.2297 0.0000 0.2297




HMS * Summary of Results

Project : LKV top slope #3

Run Name : Run 14

Start of Run : 01Apr01 0800 Basin Model : LKV side slope
End of Run ¢ 01lapr0l1 1400 Met. Model : 6 hr PMP, HMR 58 ++
Execution Time : 010ct0l1l 1330 Contreol Specs : 6-hour )
A
Hydrologic Discharge Tima of Volume Drainage ’
Element Peak Peak (ac Area |
{(cfa) f£t) (sq mi) 1
¢
side slope 210.05 01 Apr 01 0815 9.2604 0.010
runcff 191.02 01 Apr 01 0815 9.4149 0.010
uv.u’k J{'Srl‘-a"_.'
A
i .(-’;»1‘—_!' =0 ztch/g




HMS * Summary of Results for s:fde Blope -

Project : LKV top =mlope #3 Run Name : Run 14 _ -
Start of Run : 01lapr0l1 0800 Basin Xodel : LKV side llcée
End of Run : OlApr0l 1400 Met. Model : 6 hr PMP, EMR 5B ++

Execution Time : 010ct0l 1330 Control Specs : 6-hour

Computed Results

Peak Discharge : 210.05 (cfs) Date/Time of Peak Discharge : 01 Apr 01 0815
Total Précipitation : 17.61 (in) Total Direct Runoff : 17.90 (in)
Total Loss : 0.04 (inm) Total Baseflow : 0.00 (in)

Total Excess : 17.58 (in) Total Discharge *: 17.90 (4n)



EMS * Surmary of Results for side slope

Project :

Start of Run :

LKV top slope #3

01Apr0l 0800

Basin Model

Run Name : Run 14

LXV side slope

e

Bad of Run : 0OlApr0l 1400 Xet. Nodel : 6 hr PMP, HMR 58 ++

Execution Time : 010ct01 1330 Control Specs : 6-hour *

i

Date Time Precip. Loss Exceszs Dirsct Base- Total ‘
(in) (im) (in) Q flow Q
(cts) (cts) {cfs)

i
01 Apr 01 0800 0.00 0.00 0.00
01 Apr 01 0815 8.47 0.02 B8.45 210.05 0.00 210.05
01 Apr 01 0830 3.60 0.00 3.60 89.96 0.00 89.96
01 Apr 01 0845 1.80 0.00 1.80 45.78 0.00 45.78
01 Apr 01 0300 1.44 0.00 1.44 36.05 0.00 36.05
01 apr 01 091S 0.36 0.00 0.36 12.75 0.00 12.75
01 Apr 01 0530 0.36 0.00 0.36 9.21 0.00 9.21
0l aApr 0} 0945 0.36 0.00 0.36 9.01 0.00 .02
01 Apr 01 1000 0.36 0.00 0.36 8.90 0.00 8.50
01 apr 01 1015 0.09 0.00 0.09 4.75 0.00 4.75
01 Apr 01 1030 0.09 0.00 0.09 2.82 0.00 2.82
01 Apr 01 1045 0.09 0.00 0.09 2.36 0.00 2.36
01 Apr 01 1100 0.09 0.00 0.09 2.26 0.00 2.26
01l Apr 01 1115 0.09 0.00 0.09 2.24 0.00 2.24
01 Apx 01 1130 0.09 0.00 0.09 2.24 0.00 2.24
01 Apr 01 1145 0.09 0.00 0.09 2.24 0.00 2.24
01 Apr 01 1200 0.09 0.00 0.09 2.23 0.900 2.23
01 Apr 01 1215 0.02 0.00 0.02 1.54 0.00 1.54
01 Apr 01 1230 0.02 0.00 0.02 0.98 0.00 0.98
01 Apr 01 1245 0.02 0.00 0.02 0.68 Q.00 0.68
01 Apr 01 1300 0.02 0.00 0.02 0.54 0.00 0.54
01 Apr 01 1315 0.02 0.00 0.02 0.48 0.00 0.48
01 Apr 01 1330 0.02 0.00 0.02 0.46 0.00 0.46
01 Apr 01 1345 0.02 0.00 0.02 0.45 0.00 0.45
01 Apr 01 1400 0.02 0.00 0.02 0.44 0.00 0.44




HMS * Summary of Results

Project : LKV top s#lope #3 Run Name : Run.l5
[ g R ¢
Start of Run : 01Jun$9 0800 Basin Model : LRV gide’slope
End of Run ¢ 02JunS9 0800 Met. Model . : SCS 200 yr

Execution Time : 01O0ct0l 1332 - Control Specs : 24-hour

Hydrologic Discharge Time of Volume Drainage
Element Peak Peak . (ac Area
(cfs) . £t) (sq mi)

side slope 8.3465 01 Jun 99 2000 . 1.5752 B 0.010

runoff 7.9839 01 Jun 99 2000 _ 1.5844 0.010
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Project : LKV top slope #3

Start of Run

Bnd of Run

Execution Time

Computed Results

Peak Discharge : 8.3465 (cfs)
Total Precipitation : 3.15 (in)
Total Loss s 0.07 (in)

Total Excess : 3.08 (in)

HMS * Summary of Results for

01Jun99 0800 Basin Nodel

02Jun%9 0800 Met. Model

Run

side slope

-
H

010ct01 1332 Control Specs :

Total Baseflow

Total Dischargae

Total Direct Runoff

Name : Run 1§

LXV sids slope
SCS 200 yr

24-hour

Date/Time of Peak Discharge : 01 Jun 99 2000

: 3.04 (inm)

: 0.00 (in)

t 3.04 (in)




HMS * Summary of Results for side slope

Project : LXV tép slope #3 ... Run Name : Run 15 * .

Start of Run ¢ 01lJunS9 0800 Basin Xodel : LXV side slope
End of Run : 02Jun99 0800 Met. Model s SCS 200 yr

Execution Time : 010ct01l 1332 Control Specs : 24-hour .

Date Time Precip. Loss Excess ". Direct - Base- . Total
(in) (in) (in) Q £low Q

(c£s) {cfs) (cfs)

01 Jun 85 g8oce RN T .0.0000 0.0000 0.0000
01 Jun 389 0900 0.03 0.02 0.01 0.0073 0.0000 0.0073
01 Jun 89 1000 0.04 0.00 0.03 0.0831 0.0000 0.0931
01 Jun 89 1100 0.04 0.00 0.04 0.2233 0.0000 0.2233
01 Jun 89 1200 0.04 0.00 0.04 0.2487 0.0000 0.2487
01 Jun 99 1300 0.05 0.00 0.05 0.2764 0.0000 0.2764
01 Jun 99 1400 0.05 0.00 0.05 0.3138 0.0000 0.3138
01 Jun 99 1500 0.06 0.00 0.06 0.3541 0.0000 0.3541
01 Jun 99 1600 0.07 0.00 0.06 0.3954 0.0000 0.3954
01 Jun $9 1700 0.09 0.00 0.08 0.5076 0.0000 0.5076
01 Jun 89 1800 0.11 0.00 0.11 0.6536 0.0000 0.6536
01 Jun 99 1500 0.17 0.00 0.17 1.1166 0.0000 1.1166
01 Jun 98 2000 1.35 0.00 1.35 8.3465 0.0000 B.3465
01 Jun 99 2100 0.34 0.00 0.34 2.1489 0.0000 2.1489
01 Jun 99 2200 0.15 0.00 0.15 0.9648 0.0000 0.9€648
01 Jun 85 2300 0.11 0.00 0.10 0.6665 0.0000 0.6665
01 Jun 99 2400 0.08 0.00 0.08 0.5247 0.0000 0.5247
02 Jun 99 0100 0.07 0.00 0.07 0.4297 0.0000 0.4297
02 Jun %95 0200 0.06 0.00 0.06 0.3742 0.0000 0.3742
02 Jun 89 0300 0.05 0.00 0.05 0.3259 0.0000 0.3259
02 Jun 89 0400 0.05 0.00 0.04 0.2807 0.0000 0.2807
02 Jun 99 0500 0.04 0.00 0.04 0.2472 0.0000 0.2472
02 Jun 99 0600 0.04 0.00 0.04 0.2338 0.0000 0.2328
02 Jun 89 0700 0.04 0.00 0.03 0.2218 0.0000 0.2218
02 Jun 89 0800 0.04 0.00 0.03 0.2130 0.0000 0.2130



HMS * Summary of Results

Project : LKV top slope #3 Run Name : Run 16
Start of Run : 01JunS9 0800 Basin Model : LKV side slope imp.
End of Run : 02Jun99 0800 Mat. Model : SCS 200 yr

Execution Time : 020ct01 1230 Control Specs : 24-hour

Hydrologic Discharge Time of Volume Drainage
Element Peak Peak (ac Area
(cfs) £t) {(sq mi)
side slope - imp B8.3416 01 Jun 99 2000 1.6140 0.010
runoff 7.9780 01 Jun 99 2000 1.6235 0.010
LG gleepryes g
e ey




HMS * Summary of Results for side slope -

imp

Project : LKV tép ;lope #3 - +Run Name : Run 16

Start of Run

End of Run

: 01Jun99 0800 - Basin Model s

¢ 02Jun99 0800 Mat. Model :

Execution Time : 020ct0l 1230 Control Specs :

Cemputed Results

.

Peak Discharge
Total Precipitation
Total Loss

Total Excess

.

B8.3416 (cfs)
3.15 (in)

0.00 (in)

3.15 (im)

LXV side slope imp.

SCS 200 yr

24 -hour ~

Date/Time of Peik‘nischarge : 01 Jun 99

?otal D}recg‘fpnpft
Total Baseflow

ToEal(DilchargeLi"

3.12 (%n)‘
0.00 (in)

3.12 (in)

2000



HMS * Summary of Results for side slope -

imp

Project :

Start of Run H

LKV top slope #3

01Jund9 0800

Basin Modsl

Name : Run 16

.
H

LXKV side slope imp.

BEnd of Run s 02JunS9 0800 Model ¢ SCS 200 yr H

BExecution Time : 020ct0l1 1230 Control Specs : 24-hour - .

|
Data Time Precip. Loss Excess Direct Base- Total
(in) (in) (in) Q flow Q
(cts) (cts) (cfs)
01 Jun 95 0800 0.0000 0.0000 0.0000
01 Jun 99 as00 0.03 0.00 0.03 0.2074 0.0000 0.2074
01 Jun 995 1000 0.04 0.00 0.04 0.2271 0.0000 0.2271
01 Jun 99 1100 0.04 0.00 0.04 0.2466 0.0000 0.2466
01 Jun 99 1200 0.04 0.00 0.04 0.2666 0.0000 0.2666
01 Jun 99 1300 0.05 0.00 0.05 0.2966 0.0000 0.2966

01 Jun 99 1400 0.05 0.00 0.0S 0.3353 0.0000 0.3353 ]

01 Jun 399 1500 0.06 0.00 0.06 0.3753 0.0000 0.3753 {
01 Jun 99 1600 0.07 0.00 0.07 0.4161 0.0000 0.4162
01 Jun 99 1700 0.09 0.00 0.08 0.5329 0.0000 0.5329

01 Jun 99 1800 0.11 0.00 0.11 0.6748 0.0000 0.6748 [
01 Jun 99 1900 0.17 0.00 0.17 1.0924 0.0000 1.0924
01 Jun 99 2000 1.35 0.00 1.35 8.3416 0.0000 8.3416
01 Jun 99 2100 0.34 0.00 0.34 2.1402 0.0000 2.1402
01 Jun 95 2200 0.15 0.00 0.15 0.9424 0.0000 0.9424
01 Jun 59 2300 0.11 0.00 0.11 0.6601 0.0000 0.6601
01 Jun 99 2400 0.08 0.00 0.08 0.5208 0.0000 0.5208
02 Jun 99 0100 0.07 0.00 0.07 0.4252 0.0000 0.4292
02 Jun 93 0200 0.06 0.00 0.06 0.3777 0.0000 0.3777
02 Jun 939 0300 0.05 0.00 0.05 0.3252 0.0000 0.3292
02 Jun 99 0400 0.05 0.00 0.05 0.2817 0.0000 0.2817
02 Jun 99 0500 0.04 0.00 0.04 0.2504 0.0000 0.2504
02 Jun 99 0600 0.04 0.00 0.04 0.2424 0.0000 0.2424
02 Jun 89 0700 0.04 0.00 0.04 0.2307 0.0000 0.2307
02 Jun 99 0800 0.04 0.00 0.04 0.2228 0.0000 0.2228




HMS * Summary of Results .for top slope #3 .

Project :

Start of Run H

End of Run H

Execution Time :

Computed Results
Peak Discharge
Total Precipitation
Total Loss

Total Excess -

LKV top slope #3 Run Name : Run 19

01Apr0l 0800 Basin Model : top slope #3

0lApr0l1l 1400 Met. Model .. : NRC 1/2

16Apro02 1307 Control Specs : 6-hour

108.55 (cfs)

4.24 (in)
0.00 (in)

4.24 (in)

Total Direct Runoff : 4.30 (in)

Date/Time of Peak Discharge : 0l-Apr 01 0815

Total Baseflow : 0.00 {in)

Total Discharge < -: 4.30 (in)

e

Y



HMS * Summary of Results for top slope #3

Project

Start of Run

LKV top slopa #3 Run

01AprOl 0800

Basin Model

Name : Run 19

: top slope #3

P _,—._"_,.._...

End of Run : 0lAprO0l 1400 Met. Model : NRC 1/2 }
Execution Time : 16Apro02 1307 Control Specs : 6-hour

1

!

Date Time Precip. Loss Excess Direct Base- Total f

(in) (in) (in) Q flow 0 {

(c£s) (c£a) (c£s) {
01 Apr 01 0800 0.00 0.00 0.00
01 apr 01 0815 4.24 0.00 4.24 108.55 0.00 108.55
01 Apr 01 0830 0.00 0.00 0.00 1.75 0.00 1.75
01 Apr 01 0845 0.00 0.00 0.00 0.31 0.00 0.3
01 Apr 01 0s00 0.00 0.00 0.00 0.11 Q.00 0.11
01 Apr 01 0915 0.00 0.00 0.00 0.05 0.00 0.05
01 Apr 01 0930 0.00 0.00 0.00 0.03 0.00 0.03

01 Apr 01 0945 0.00 0.00 0.00 0.02 0.00 0.02 l

01 apr 01 1000 0.00 0.00 0.00 0.01 0.00 0.01 !
01 Apr 01 1015 0.00 0.00 0.00 0.01 0.00 0.01

01 Apr 01 1030 0.00 0.00 9.00 0.01 0.00 0.01 '

01 apr 01 1045 0.00 0.00 0.00 0.01 0.00 0.01 l
01 Apr 01 1100 0.00 0.00 0.00 0.00 0.00 0.00

01 Apr 01 1115 0.00 0.00 0.00 0.00 0.00 0.00 i

01 Apr 01 1130 0.00 ¢.00 0.00 0.00 0.00 0.00 .
01 Apr 01 1145 0.00 0.00 ¢.00 0.00 0.00 0.00
01 Apr 01 1200 0.00 0.00 0.00 0.00 0.00 0.00

01 Apr 01 1215 0.00 0.00 0.00 0.00 0.00 Q.00 ’
01 Apr 01 1230 0.00 0.00 0.00 0.00 0.00 0.00
01 Apr 01 1245 0.00 0.00 0.00 0.00 0.00 0.00
01 Apr 01 1300 0.00 0.00 0.00 0.00 0.00 0.00
01 Apr 01 1315 0.00 0.00 0.00 0.00 0.00 0.00
01 Apr 01 1330 0.00 0.00 0.00 0.00 0.00 0.00
01 Apr 01 1345 0.00 0.00 0.00 0.00 0.00 0.00
01 Apr 01 1400 0.00 0.00 0.00 0.00 ¢.00 0.00




HMS * Summary of Results for side slope

Project :

Start of Run H

LXV top slope #3 Run

[
0l1Apr0l 0800

Bagin Model

Run
Name : Run-10.

LXV side slopé

20 ’ ./
Iy \(‘\:

b
L, -

1) C;- g(mu ¥k7

End of Run : OlAprO0l 1400 Met. Model : § hr PMP, HMR 58 ++
Execution Time : 17Sep0l 1456 Control Specs : 6-hour

Date Time Precip. Loss Excess Direct Bage- Total
(in) (in) (in) Q flow o}
(cfs) (cts) (cts)
01 Apr 01 0800 0.00 0.00 0.00
01 Apr Ol 0815 8.47 0.02 8.45 209.57 \O‘l.'lq 0.00 209.57
01 Apr 01 0830 3.60 0.00 3.60 s1.e1 591 0.00 s1.81
01 Apr 01 0845 1.80 0.00 1.80 47.70 7.%.%5 0.00 47.70
01 Apr 01 0800 1.44 0.00 1.44 36.98 0.00 36.58
01 Apr 01 0915 0.36 0.00 0.36 15.34 0.00 15.34
01 Apr 01 0930 0.36 0.00 0.36 9.83 0.00 5.83
01 Apr 01 0545 0.36 0.00 0.36 9.08 0.00 s.08
01 Apr 01 1000 0.36 0.00 0.36 8.86 0.00 8.86
01l apr 01 1015 0.09 0.00 0.05 5.51 0.00 5.51
01 Apr 021 1030 0.08 0.00 0.09 3.36 0.00 3.36
01 Apr 01 1045 0.09 0.00 0.09 2.60 0.00 2.60
01 Apr 01 1100 0.09 0.00 0.09 2.34 0.00 2.34
01 Apr 01 1118 0.09 0.00 0.08 2.27 0.00 2.27
01 Apr 01 1130 0.09 0.00 0.09 2.25 0.00 2.25
01 Apr 01 1145 0.08 0.00 0.09 2.24 0.00 2.24
01 Apr 01 1200 0.09 0.00 0.09 2.23 0.00 2.23
01 Apr 01 12158 0.02 0.00 0.02 1.70 g.00 1.70
01 apr 01 1230 0.02 0.00 0.02 1.20 0.00 1.20
01 Apr 01 1245 0.02 0.00 0.02 0.84 0.00 0.84
01 Apr 01 1300 0.02 0.00 0.02 0.67 0.00 0.67
01 Apr 01 1315 0.02 0.00 0.02 0.56 0.00 0.56
01 Apr 01 1330 0.02 0.00 0.02 0.50 0.00 0.50
01 Apxr 01 1345 0.02 0.00 0.02 0.47 0.00 0.47
01 Apr 01 1400 0.02 0.00 0.02 0.46 0.00 0.46



Appendix C
Lakeview 2 NNW Maximum Daily Precipitation Records



LKV Precipitation-
Maximum Recorded Values
Jan. 1, 1928 to Jul. 31, 2000

rainfall amount (in)] 1.4 18 2.0 24 26 28 32 85
recurrance mterval] 2-yr . 5yr 10-yr 25-yr 50-yr - 100-yr 200-yr PMP
record
day of year | rainfall amount percent
1 098 70 54 49 41 38 35 31 12
2 067 48 37 , 34 28 26 24 21 8
3 036 26 20 18 15 14 13 " 4
4 1.19 85 66 60 50 46 43 37 14
5 063 45 35 .32 26 24 23 20 7
6 062 44 34 31 26 24 22 18 7
7 0.71 51 39 -36 30 27 25 22 8
8 062 44 34 .3 26 24 22 19 7
9 0.53 38 29 27 22 20 19 17 6
10 113 81 863 57 47 43 40 35 13
11 1.02 73 57 51 43 39 36 32 12
12 088 63 49 44 37 34 31 28 10
13 - 059 42 33 30 25 23 21 18 7
14 0.99 - 71 55 .50 41 38 35 31 12
15 0.86 61 43 .43 36 33 31 27 10
16 0 81 58 45 41 34 31 29 25 10
17 062 N 44 34 31 26 24 22 19 7
18 051 36 28 .26 21 20 18 . 16 6
19 134 96 74 67 56 52 48 42 16
20 1.78 127 99 89 74 68 64 56 21
21 . 1.09 78 61 -85 45 42 39 34 13
22 079 56 44 40 33 30 28 25 9
23 096 69 53 48 40 37 34 30 11
24 077 55 43 39 32 30 28 24 9
25 0.78 56 43 39 a3 30 28 24 9
26 061 44 34 31 25 23 22 19 7
27 0.74 53 41 37 .3 28 26 23 9
28 056 40 31 28 23 22 20 18 7
28 038 27 21 19 16 15 14 12 A4
30 0.77 55 43 39 32 30 28 24 9
31 0.77 55 43 39 32 30 28 24 9
32 0.37 26 21 19 15 14 13 12 4
33 "0.53 38 29 27 22 20 18 17 6
34 0.60 43 33 30 25 23 21 19 7
35 .073 52 -41 37 -30 28 26 23 .9
36 1.03 74 57 52 .43 40 37 32 12
37 065 45 -36 33 27 25 23 20 8
38 1.01 72 -56 51 42 39 36 - 32 12
39 070 50 39 35 29 27 25 -22 8
40 1.53 109 85 77 64 59 55 48 18
41 1.13 81 -63 57 47 43 40 35 13
42 045 32 ;25 23 19 17 16 14 5
43 057 e 41 32 , 29 24 22 20 .18 7
44 055 -39 A »28 23 21 20 .17 6
45 0 51 36 .28 26 -21 20 18 16 6
46 - 064 .46 <36 -32 .27 25 23 - 20 .8
47 . 043 31 24 22 18 17 15 +13 5
48 043 31 24 .22 .18 17 15 -13 .5
49 059 42 33 -30 25 23 21 18 7
50 095 68 53 :48 40 37 34 .30 11
51 --068 49 38 34 28 26 24 A "8
52 049 35 27 25 .20 19 18 .15 6
53 095 68 53 -48 40 37 34 . 130 1
54 0.34 24 18 17 14 13 12 1 4
Page 1 LKV precip.xls



LKV Precipitation
Maximum Recorded Values
Jan. 1, 1928 to Jul. 31, 2000

rainfall amount in)| 1.4 1.8 20 24 26 2.8 32 85
recurrance mterval] 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr PMP
record
day of year | rainfall amount ercent
55 092 66 51 46 a8 35 33 29 11
56 035 25 19 18 15 13 13 1 4
57 078 56 43 39 33 30 28 24 9
58 062 44 34 31 26 24 22 19 7
59 0.88 63 49 44 37 34 i 28 10
60 0.95 68 53 48 40 37 34 30 1
61 058 41 32 29 24 22 21 18 7
62 061 44 34 3 25 23 22 19 7
63 070 50 39 35 29 27 25 22 8
64 0.81 58 45 41 34 31 29 25 10
65 046 33 26 23 19 18 16 14 5
66 084 60 47 42 35 32 30 26 10
67 085 61 47 43 35 33 30 27 10
€8 0.97 69 54 49 40 37 35 30 11
69 0.61 44 34 31 25 23 22 19 7
70 0.51 36 28 26 21 20 18 16 6
71 069 49 38 35 29 27 25 22 8
72 122 87 68 61 51 47 44 38 14
73 040 29 22 20 17 15 14 13 5
74 067 48 37 34 28 26 24 21 8
75 0.70 50 39 35 -29 27 25 22 8
76 044 31 24 22 18 17 16 14 5
77 042 30 23 21 18 16 15 13 5
78 0.57 41 32 29 24 22 20 18 7
79 0.64 46 36 32 27 25 23 20 8
80 0.55 39 k)| 28 23 21 20 17 6
81 061 44 34 K| 25 23 22 19 7
82 048 34 27 24 20 18 17 15 6
83 089 64 49 45 37 34 32 28 10
84 069 49 kl:} 35 29 27 25 22 8
85 087 62 48 44 36 33 Kh| 27 10
86 072 51 40 36 30 28 26 23 8
87 049 35 27 25 20 19 18 15 6
88 043 31 24 22 18 17 15 13 5
89 054 39 30 27 23 21 19 17 6
90 061 44 34 k| 25 23 22 19 7
91 0.30 21 17 15 13 12 11 9 4
92 104 74 58 52 43 40 37 33 12
93 037 26 21 19 15 14 13 12 4
94 062 44 34 31 26 24 22 19 7
95 0.38 27 21 19 16 15 14 12 4
96 0.42 30 23 21 18 16 15 13 5
97 063 45 35 32 26 24 23 20 7
98 055 39 31 28 23 21 20 17 6
99 042 30 23 21 18 16 15 13 5
100 0.33 24 18 17 14 13 12 10 4
101 1.10 79 61 55 46 42 39 34 13
102 0.33 24 18 17 14 13 12 10 4
103 030 21 17 15 13 12 11 9 4
104 0.50 36 28 25 21 19 18 16 6
105 1.15 82 64 58 48 44 41 36 14
106 048 34 27 24 20 18 17 15 6
107 031 22 17 18 13 12 1 10 4
108 063 45 35 32 26 24 23 20 7
Page 2 LKV precip xis
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LKV Precipitation
Maximum Recorded Values
Jan. 1, 1928 to Jul.-31, 2000

- ranfall amount (in)| 1.4 1.8 2.0 124 26 28 32 8.5
- recurrance lnterval| 2-yr + Beyr 10-yr 25-yr 50-yr 100-yr 200-yr PMP
record
day of year | ramfall amount rreent B :
109 - 0.70 50 »39 35 29 27 25 T22 8
110 0.37 ! 26 21 19 15 14 13 12 4
m T 067 . 48 7 34 28 26 24 =21 8
112 039 28 22 -20 16 15 14 712 5,
113 0 51 36 28 "26 21 20 18 ~16 6
114 0.56 40 31 28 - 23 22 20 ‘18 7
115 -0.38 27 21 19 16 15 14 12 -4
116 0.90 €4 50 45 38 35 32 28 1
117 041 729 23 21 17 16 15 13 5
118 0.52 - 37 ©29 26 -22 20 19 - 16 ‘6
118 - 060 43 33 30 "25 23 21 T19 -7
120 0.71 51 39 - 36 "30 27 25 22 8
121 1.01 72 56 51 42 39 36 32 12
122 0.74 53 41 a7 31 28 26 23 9
123 039 ~28 22 20 +16 16 14 - 12 5
124 1.10 79 61 55 46 42 39 [ 13
125 048 "34 ra27 24 20 18 17 <15 6
126 < 046 33 26 23 19 18 16 14 5
127 1.35 96 *75 68 56 52 48 42 16
128 083 59 45 42 35 32 30 26 10
129 071 51 39 36 30 27 25 22 8
130 0.57 41 32 29 24 22 20 18 7
131 057 41 32 29 24 22 20 18 7
132 087 62 48 44 35 33 31 27 10
133 032 ! 23 18 16 13 12 1 10 4
134 064 46 36 32 27 25 23 20 8
135 083 59 46 42 35 32 30 26 10
136 -1 042 30 23 21 -18 16 15 13 5
137 0.76 54 42 38 32 29 27 24 9
138 085 61 47 43 35 33 30 27 10
139 057 41 32 29 24 22 20 18 7
140 0.83 59 46 42 35 32 30 26 10
141 034 24 19 A7 14 13 12 1 4
142 045 32 25 23 19 17 16 14 5
143 032 23 18 .16 13 12 1 10 4
144 091 65 51 46 .38 35 33 . 28 1"
145 053 4 38 :29 27 - 22 20 19 17 6
146 044 - 31 24 22 18 17 16 14 5
147 064 46 36 32 27 25 23 ~20 8
148 061 44 34 3 25 23 22 -19 7
149 057 41 32 29 24 22 20 18 7
150 069 ~49 38 35 29 27 25 T 22 8
151 1.42 - 80 .62 56 47 43 40 35 13
152 077 . 55 43 39 32 30 28 . 24 9
153 0.52 37 29 26 22 20 19 16 "6
154 076 .54 42 38 32 29 27 24 9
155 - 089 - 42 .33 30 25 23 21 18 -7
156 - 124 " 89 <69 62 52 48 44 39 “15
157 0983 66 52 47 39 36 33 © 129 1
158 1.82 . 130 101 91 76 70 65 87 21
159 102 73 57 51 43 39 36 32 12
160 1.23 &8 -68 62 51 47 44 38 14
161 1.25 -89 69 63 52 48 45 39 15
162 . 089 64 49 " 45 37 34 32 -28 10
Page 3 LKV precip xls



LKV Precipitation .
Maximum Recorded Values
Jan. 1, 1928.to Jul. 31, 2000

rainfall amount (n)| 14 1.8 2.0 24 26 28 32 85
" recurrance mtervall 2-yr S-yr 10-yr 25-yr 50-yr 100-yr 200-yr PMP
record
day of year | rainfall amount ercent
163 063 45 35 32 26 24 23 20 7
164 040 29 22 20 17 15 14 13 5
165 040 29 22 20 17 15 14 13 5
166 080 57 44 40 33 31 29 25 9
167 055 39 N 28 23 21 20 17 6
168 1.19 85 66 60 50 46 43 37 14
169 083 59 46 42 35 32 30 26 10
170 059 42 a3 30 25 23 21 18 7
171 086 61 48 43 36 33 31 27 10
172 045 32 25 23 19 17 16 14 5
173 036 26 20 18 15 14 13 11 4
174 039 28 22 20 16 15 14 12 5
175 059 42 33 30 25 23 21 18 7
176 0.70 50 39 35 29 27 25 22 8
177 052 37 29 26 22 20 19 16 6
178 056 40 31 28 23 22 20 18 7
179 060 43 33 30 25 23 21 19 7
180 057 41 32 29 24 22 20 18 7
181 067 48 37 34 28 26 24 21 8
182 065 46 36 33 27 25 23 20 8
183 029 21 16 15 12 1 10 9 3
184 034 24 19 17 14 13 12 11 4
185 0.58 41 32 29 24 22 21 18 7
186 0.17 12 9 9 7 7 6 5 2
187 039 28 22 20 16 15 14 12 5
188 0.16 1" 9 8 7 6 6 5 2
189 015 1" 8 8 6 6 5 5 2
190 045 32 25 23 19 17 16 14 5
191 0.14 10 8 7 6 5 5 4 2
192 021 15 12 11 g 8 8 7 2
193 034 24 19 17 14 13 12 11 4
194 037 26 21 19 15 14 13 12 -4
185 003 2 2 2 1 1 1 1 0
196 005 4 3 3 2 2 2 .2 1
197 054 39 30 27 23 21 19 17 6
198 009 6 5 5 4 3 3 3 1
199 063 45 35 32 26 24 23 20 7
200 079 56 44 40 33 30 28 25 9
201 028 20 16 14 12 1 10 9 3
202 0.16 1" 9 8 7 6 6 5 2
203 054 39 30 27 23 21 19 17 6
204 055 39 31 28 23 21 20 17 6
205 0.56 40 k)| 28 23 22 20 18 7
206 000 o Q 0 0 0 0 o] 0
207 0.32 23 18 16 13 12 11 10 4
208 025 18 14 13 10 10 9 8 3
209 044 31 24 22 18 17 16 14 5
210 0.31 22 17 16 13 12 11 10 4
211 027 19 15 14 11 10 10 8 3
212 022 16 12 1 9 8 8 7 3
213 017 12 9 9 7 7 6 5 2
214 023 16 13 12 10 9 8 7 3
215 0.32 23 18 16 13 12 1" 10 4
216 0.18 13 10 9 8 7 6 6 2
Page 4 LKV precip.xls




AR

:
LKV Precipitation

Maximum Recorded Values
Jan. 1, 1928 to Jul.-31, 2000

rainfall amount (in})| 14 1.8 2.0 24 ¢ 26 28 32 85
. recurrance interval | 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr PMP
record N
day of year | ramnfall amount ercent - ! .
217 <009 6 5 5 - 4 3 3 3 1
218 0.17 12 9 9 7 7 6 5 2
219 051 36 28 26 21 20 18 16 6
220 008 6 4 4 -3 3 3 3 1
221 008 6 5 ‘5 4 3 3 3 1
222 > 017 12 -9 .9 7 7 6 5 2
223 042 30 23 21 18 16 15 13 5
224 0.73 52 41 - 37 - 30 28 26 23 "9
225 0.46 33 26 23 19 18 16 . 14 5
226 0.58 41 32 29 24 22 21 18 7
227 021 15 12 11 9 8 8 7 .2
228 075 54 42 38 - 31 29 27 23 9
229 013 9 7 7 5 5 5 4 2
230 025 18 14 13 10 10 9 8 3
231 -0 40 29 22 20 17 15 14 13 5
232 0.48 34 27 24 20 18 17 15 6
233 065 46 36 33 - 27 25 23 20 8
234 0.05 4 3 3 2 2 2 2 1
235 036 26 20 18 + 15 14 13 11 4
236 022 16 12 1 9 8 8 7 3
237 - 026 19 14 13 > 11 10 9 8 3
238 050 36 28 25 21 19 18 16 ~6
239 034 24 19 17 14 13 12 11 4
240 007 5 4 4 3 3 3 2 1
241 063 45 35 32 26 24 23 20 7
242 037 26 21 19 15 14 13 12 4
243 100 7 56 50 . 42 38 36 31 12
244 034 24 19 17 14 13 12 1 4
245 . 039 28 22 20 16 15 14 12 -5
246 0.12 g 7 6 5 5 4 4 1
247 , 120 86 67 60 50 46 43 38 14
248 0.17 12 9 .9 7 7 6 - 5 "2
249 006 4 3 3 3 2 2 2 1
250 0.09 6 5 5 4 3 3 3 1
251 025 18 14 -13 10 10 9 .8 3
252 117 84 65 .59 49 45 42 37 14
253 -0.77 55 43 39 32 30 28 o 24 9
254 0.15 1 -8 _ 8 6 6 5 5 2
255 0.34 24 19 - 17 v 14 13 12 11 4
256 0.57 41 32 + 29 24 22 20 18 7
257 + 025 18 14 13 210 10 9 8 3
258 - 0.63 - 45 35 32 26 24 23 20 7
259 . 0.57 © 41 .32 29 24 22 20 18 -7
260 0.51 36 28 26 21 20 18 16 6
261 0.50 36 28 25 21 19 18 16 6
262 076 . 54 42 38 - 32 29 27 24 9
263 0.81 . 58 45 41 34 31 29 25 10
264 0.30 .21 17 .15 13 12 1 9 4
265 065 46 36 33 27 25 23 20 8
265 059 42 + 33 < 30 25 23 21 18 7
267 045 32 25 23 + 19 17 16 14 5
268 027 19 16 .14 1 10 10 - 8 3
269 0.33 24 18 17 14 13 12 10 4
270 089 64 49 45 7 34 32 28 10
Page 5 LKV precip xIs



LKV Precipitation
Maximum Recorded Values
Jan. 1, 1928 to Jul. 31, 2000

ranfall amount in)| 14 1.8 20 24 26 28 32 85
recurrance interval | 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr PMP
record
day of year | rainfall amount ercent B
271 046 33 26 23 19 18 16 14 5
272 043 31 24 22 18 17 15 13 5
273 059 42 33 30 25 23 21 18 7
274 035 25 19 18 15 13 13 11 4
275 052 37 29 26 22 20 19 16 6
276 097 €9 54 49 40 37 35 30 11
277 031 22 17 16 13 12 11 10 4
278 032 23 18 16 13 12 11 10 4
279 039 28 22 20 16 15 14 12 5
280 023 16 13 12 10 9 8 7 3
281 043 3 24 22 18 17 15 13 5
282 046 33 26 23 19 18 16 14 5
283 115 82 64 58 48 44 41 36 14
284 210 150 117 105 88 81 75 66 25
285 081 58 45 41 34 31 29 25 10
286 141 101 78 7 59 54 50 44 17
287 082 59 46 41 M4 32 29 26 10
288 049 35 27 25 20 19 18 15 6
289 0.71 51 39 36 30 27 25 22 8
290 057 41 32 29 24 22 20 18 7
201 033 24 18 17 14 13 12 10 4
292 036 26 20 18 15 14 13 11 4
293 024 17 13 12 10 9 9 8 3
294 049 35 27 25 20 19 18 15 6
295 029 21 16 15 12 11 10 9 3
296 085 61 47 43 35 33 30 27 10
297 047 34 26 24 20 18 17 15 6
298 069 49 38 35 29 27 25 22 8
299 0.60 43 33 30 25 23 21 19 7
300 0.68 49 38 34 28 26 24 21 8
301 1.03 74 57 52 43 40 37 32 12
302 0.57 41 32 29 24 22 20 18 -7
303 0.58 41 32 29 24 22 21 18 7
304 0.98 70 54 49 41 38 35 31 12
305 029 21 16 15 12 11 10 9 3
306 105 75 58 53 44 40 38 33 12
307 0.74 53 41 37 31 28 26 23 9
308 0.69 49 38 35 29 27 25 22 8
309 084 60 47 42 35 32 30 26 10
310 0.73 52 41 37 30 28 26 23 9
31 069 49 38 35 29 27 25 22 8
312 0.70 50 39 35 29 27 25 22 8
313 0.47 34 26 24 20 18 17 15 6
314 069 49 38 35 29 27 25 22 8
315 056 40 31 28 23 22 20 18 7
316 0.45 32 25 23 19 17 16 14 5
317 106 76 59 53 44 41 38 33 12
318 0.77 55 43 39 32 30 28 24 9
319 040 29 22 20 17 15 14 13 5
320 1.27 91 71 64 53 49 45 40 15
321 068 49 38 34 28 26 24 21 8
322 057 41 32 29 24 22 20 18 7
323 057 41 32 29 24 22 20 18 7
324 1.02 73 57 51 43 39 36 32 12
Page 6 LKV precip xis
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LKV Precipitation
Maximum Recorded Values
Jan. 1, 1928 to Jul. 31, 2000

rainfall amount (m)l 14 18 20 24 26 28 32 85
recurrance lnterval| 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr PMP
record
day of year | rainfall amount ercent
325 1.14 81 63 57 48 44 41 36 13
326 1.10 79 61 55 46 42 39 34 13
327 0.79 56 44 40 33 30 28 25 9
328 0.81 &8 45 41 34 31 29 25 10
329 0.72 51 40 36 30 28 26 23 8
330 1.16 83 64 58 48 45 41 36 14
331 0.90 64 50 45 38 35 32 28 11
332 045 32 25 23 18 17 16 14 5
333 202 144 112 101 84 78 72 63 24
334 0.43 31 24 22 18 17 15 13 5
335 031 22 17 16 13 12 11 10 4
336 0.87 62 48 44 36 33 31 27 10
337 0.62 44 34 31 26 24 22 19 7
338 1.1 79 62 56 46 43 40 35 13
339 056 40 31 28 23 22 20 18 7
340 0.61 44 34 31 25 23 22 19 7
341 046 33 26 23 19 18 16 14 5
342 0.42 30 23 21 18 16 15 13 5
343 054 39 30 27 23 21 19 17 6
344 074 53 41 37 31 28 26 23 9
345 2.39 171 133 120 100 92 85 75 28
346 061 44 34 31 25 23 22 19 7
347 1.10 79 61 55 46 42 39 34 13
348 065 46 36 33 27 25 23 20 8
349 078 56 43 39 33 30 28 24 g
350 1.02 73 57 51 43 39 36 32 12
351 036 26 20 18 15 14 13 1 4
352 1.02 73 57 51 43 39 36 32 12
353 065 46 36 33 27 25 23 20 8
354 1.66 119 92 83 69 64 59 52 20
355 062 44 34 31 26 24 22 19 7
356 0.83 59 46 42 35 32 30 26 10
357 2.27 162 126 114 95 87 81 71 27
358 0.88 63 49 44 37 34 31 28 10
359 063 45 35 32 26 24 23 20 7
360 070 50 39 35 29 27 25 22 8
361 0.76 54 42 38 32 29 27 24 9
362 080 57 44 40 33 31 29 25 9
363 058 41 32 29 24 22 21 18 7
364 093 66 52 47 39 36 33 29 11
365 075 54 42 38 31 29 27 23 9
366 063 45 35 32 26 24 23 20 7
2.39 maximum 171 133 120 100 92 85 75 28
Page 7 LKV precip xis



Appendix E
Disk Infiltrometer Data and
Hydraulic Conductivity Determination Plots



Site A2 bare soil

h=0.5cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 0.0 0.000 0.000
30 1.5 5.477 0.189
60 20 7.746 0.252
120 30 10.954 0.378
180 4.0 13.416 0.504
300 6.0 17.321 0.756
420 7.3 20.494 0.913
540 9.5 23.238 1.196
720 12.5 26.833 1.574

Cumulative Wmfiitration (cm)

180

160

140

[ -
g8 -8 8

o
g

* 020

000

LKV Infiltration Test, A2@ 0.5 cm

y = 0.0014x% + 0.0183x

R*=0.9956 . /

e

7

10 15 20
Square Root Time (sec*-2)




Site A4 bare soil, rocky edge, trc fi grvl, desiccation cracking, wet soil due to tipping infiltrometer & restarting test

h=05cm
time volume squareroot Cumulative
(sec) (mi) time Infiltration (cm)
0 13.0 0.000 0.000 LKV Infiltration Test, Ad@ 0.5 cm
30 14.0 5477 0.126
60 15.0 7.746 0.252 250
120 16.0 10.954 0.378
300 20.0 17.321 0.882
480 23.0 21.909 1.259 200 —
720 28.0 26.833 1.889 y = 0.0021x% + 0.0126x
780 29.0 27.928 2.015 £ R? = 0.9992
§ 150 ——
£
£
é 100 e
§
050 . - —
000
0 5 10 15 20 25
Square Root Time (sec*-2)

— ——— - -




Site A6 bare soil with some fine gravel, nearly saturated solil

h=05cm

time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 0.0 0.000 0.000
30 0.5 5.477 0.063
60 0.5 7.746 0.063
420 1.5 20.494 0.189
1530 30 39.115 0.378
4620 8.5 67.971 0.819
6750 9.5 82,158 1.196
8520 12.0 92.304 1.511

8 8 5 8

o
g

Cumulistive inflitration (cm)
o
3
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o
3

o
8

LKV Infiltration Test, A6@ 0.5 cm

Neo

y = 0.0001x? + 0.0046x /

R?=0.9962

e

yd
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30 40 50 60
Square Root Time (sec*-2)
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Site A6 retest from Sep. 2000, bare soil, in grasses, some med-fi grv, dry soil, micropores to 1 mm dia.

h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 4.0 0.000 0.000
60 4.5 7.746 0.063
120 5.0 10.954 0.126
240 6.5 15.492 0.315
480 10.0 21,909 0.756
1020 12.0 31.937 1.008
1920 26.0 43.818 27171

Cumulative infiltration (cm)

300

250

g

8

8

o
8

000

05

LKV Infiltration Test, A6 retest @ 0.5 cm

y = 0.0016x’ - 0.0075x

R%=0,9718

40 45

(&1
=

Square Root Time (sec4.2)




Site A7

h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 2.0 0.000 0000
30 5.0 5.477 0.378
60 7.0 7.746 0.630
120 11.0 10.954 1.134
240 16.0 15.492 1.763 tipped
360 210 18.974 0.000
540 26.0 23238 0630
780 31.0 27.928 1.259

top slope crest, wheat grass stand, cleared, dry soil, fi to med sand, desiccation cracking

Cumulative Inflitration (cm)
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LKV Infiltration Test, A7 @ 0.5 cm

; 1763 )
y = 0.004x" + 0.0536x /
R? = 0.9963 |
. y=00049x"-00893x
R? = 0.9863 1259
~ .AIW\
: " s 20 to2s

Square Root Time (sec*.2)
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Site AB

top slope crest, wheat grass stand, cleared, dry soil, coarse to med sand, fi macropores, desiccation cracking, in rabbitbrush

h=05cm
time volume square root Cumulative
(sec) (ml) time Infiltration (cm)
0 14.0 0.000 0.000
30 17.0 5477 0.378
60 18.5 7.746 0.567
120 220 10.954 1.008
240 26.5 15.492 1.574
360 31.0 18.974 2.141
1080 56.0 32.863 5.290

Cumulative Inflitration {cm)

600

500

g

g

g

100

000

LKV Infiltration Test,A8 @ 0.5 cm

y = 0.0034x% + 0.0501x

R?=0.9998

10 15 20 25 30

Square Root Time (secA-2)
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Site A9  bare soil In grass stand, nearly saturated soil

h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 0.0 0.000 0.000
30 3.0 5477 0.378
60 40 7.746 0.504
120 45 10.954 0.567
180 5.5 13.416 0.693
240 6.5 15.492 0.819
300 7.3 17.321 0.913
360 8.0 18.974 1.008
420 8.8 20.494 1.102
480 9.5 21,909 1.196
600 11.0 24.495 1.385

e

Cumulative infiltration (cm)
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LKV Infiltration Test, A9@ 0.5 cm

y = 3E-05x" + 0.0539x /

R?=0.9874

—

g
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Square Root Time (sec*-2)
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1

Site A10 bare soil in wheat grass stand, litter, on plant stem, occ. Coarse sand, med macropores, wet soil

h=0.5cm
time volume square root Cumulative
(sec) (ml) time Infiltration (cm)
0 1.0 0.000 0.000
30 4.0 5.477 0.378
60 7.0 7.746 0.756
120 115 10.954 1.322
240 20.0 15.492 2.393
360 29.0 18.974 3.526
600 45.0 24.495 5.542

Cumulative Infiltration {cm)

600

500

8

g

8

LKV Infiltration Test, A10 @ 0.5 cm

y = 0.0079x* + 0.034x
R?=0.9998

5 10 15 20 25
Square Root Tima (sec*-2)
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Site B3  bare soil, grass stand

h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 0.0 0.000 0.000
30 20 5.477 0.252
60 3.5 7.746 0.441
90 4.5 9.487 0.567
120 53 10.954 0.681
180 7.0 13.416 0.882
240 9.0 15.492 1.134
300 10.3 17.321 1.291
420 140 20.494 1.763
(Y
v Lo
. [ .t
2 ‘ee .

LKV Infiltration Test, B3@ 0.5 cm

200
180 /
160
y = 0.0025x2 + 0.0341x /
- 140
§ R?=0.9982 /(
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£ 100 / =
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: 000
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: Square Root Time (sec*.2)
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Site B4 cheat grass stand, micro terranes, hummocky (frost heave?), desiccation cracks, bare soil, tr fi grvl, wet soil (due to restarting test)

h=05cm
time volume squareroot Cumulative )
(sec) (ml) time Infiltration (cm)
0 20 0.000 0.000 LKV Infiltration Test, B4@ 0.5 cm
30 3.0 5477 0.126
60 4.0 7.746 0.252 300
120 5.0 10.954 0.378
240 70 15492 0.630 y = 0.0025x* + 0.006x /
360 10.0 18.974 1.008 2%0 RZ=0.9984 )
480 12.0 21.909 1.259 '
600 15.0 24.495 1.637 200 i
1020 235 31.937 2.708

Cumulative Inflitration (cm)
-
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. 000

0 5 10 15 20 25 30 35

Square Root Time (sec*-2)




Site B5  soll with small plants, nearly saturated solil
h=0.5cm

time volume squareroot Cumulative

(sec) (ml) time Infiltration (cm)

0 0.0 0.000 0.000

60 4.0 7.746 0.504

90 5.5 9.487 0.693

120 6.5 10.954 0.819

180 8.0 13.416 1.008

300 120 17.321 1.511

360 14.0 18.974 1.763

480 17.5 21.909 2.204

250

200

8

8

Cumulstive Inflltration (cm)

LKV Infiltration Test, BS@ 0.5 cm

y = 0.0025x2 + 0.0456x
R? = 0.9986

5 10 15
Square Root Time (sec*-2)

25




Site B6

small veg., cheat grass stand, test over plant stem, dry soil, trc fi grvl, desiccation cracks

h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 3.0 0.000 0.000
30 9.0 5.477 0.756
60 12.0 7.746 1.134
120 15.5 10.954 1.574
240 225 15.492 2456
360 29.0 18.974 3.275
660 44.0 25.690 5.164
900 56.0 30.000 6.675
1260 72.5 35.496 8.753

Cumulative Inflitration (cm)
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LKV Infiltration Test, B6 retest @ 0.5 cm

y:

0.0042x2 + 0.0962x

R?=0.9994

10 15 20 25 30 35

Square Root Time (sec*.2)
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Site B10  soil with small plants, nearly saturated soil

h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
.0 1.0 0.000 0.000
30, 55 5477 0.567.
60 8.0 l 7.746 0.882,
90’ 10.0° 9.487. 1.134,
120 12.0 10.954 1.385,
150 14.0, 12,247, 1.637.
180 16.0.  13.416 1.889
210 18.0' 14.491 2.141
240 200, 15.492; 2.393
270 220 16.432 2645,
3000 235  17.321 2.834°
, (R 1 . S +
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WG ri) 1y
' 9 noen
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LKV Infiltration Test, B10@ 0.5 cm
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y = 0.0056)% + 0.0671x
R? = 0.9995
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.. Square Root Time (sec4-2)
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Site C2 in bare area, some small gravel, nearly saturated soil

h=05cm
time volume squareroot Cumulative LKV Infiltration Test, C2 @ 0.5 cm
(sec) (ml) time Infiltration (cm)
0 20 0.000 0.000 o
30 2.0 5.477 0.000 g% =
60 30 7.746 0.126 tow y= 0.21_5;2 9*2‘7"20079" " y(o—
90 35 9.487 0.189 o4 - y
120 4.0 10.954 0.252 030
150 5.0 12.247 0.378 é oz0 /
180 5.5 13.416 0.441 3 ono
210 60  14.491 0.504 el
240 6.0 15.492 0.504 0 2 .« s ’ 1 12 " 1 " 2
270 6.0 16.432 0.504 Square Root Thme (sec*-2)
300 6.0 17.321 0.504
h=20cm
time volume squarercot Cumulative
(sec) (mil) time Infiltration (cm)
0 5.0 2.236 0.000
" 30 5.0 2.236 0.378
60 5.0 1 2.236 0.378
90 5.0 2.236 0.378
120 5.0 2.236 0.378
150 5.0 2.236 0.378
180 5.0 2.236 0.378
210 5.0 2.236 0.378
240 5.0 2.236 0.378
270 5.0 2.236 0.378

300 5.0 2.236 0.378




Site C3 bare soll, trace gravel, trace litter, nearly saturated soil

h=05cm LKV Infiltration Test, C3@ 0.5cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm) 250
0 0.0 0.000 0.000
30 1.5 5.477 0.189
60 3.0 7.746 0.378 200 P4
90 4.0 9.487 0.504
120 5.0 10.954 0.630 T _ 2
180 82 13416 0.781 - y =0.0022x" + 0.0303x
300 9.5 17.321 1.196 E R“=0.9985 -
420 12.0 20.494 1.511 £
600 16.5 24,495 2.078 s
% 100
050
. 000
.0 5 10 15 20 25 30
Square Root Time (sec*-2)

¢ [y ———




Site C4 wheat grass stand, organic litter, some to trc fi grvl, dry soil

h=05cm
time volume squareroot Cumulative
(sec) (mi) time Infiltration (cm)
0 1.0 0000 0.000 LKV Infiltration Test, C4@ 0.5 cm
30 4.0 5477 0.378
60 5.5 7.746 0.567 400
120 80 10.954 0.882
240 120 15492 1.385 350 yul
360 16.0 18.974 1.889 _ 2 /
480 200  21.909 2.393 200 y= 0'0226" +0.0518x
840 30.0 28.983 3.652 T R*=0.9998
2250
2
5
€ 200
%is0
E
]
100 _————
050
000 -
1] 5 10 15 20 25 30

Square Root Time (sec*-2)
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Site C5

cheat grass stand, micro terranes (frost heave?), desiccation cracks, bare soll, trc fi grvl, dry soil

h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
30 9.5 5477 0.000
60 11.0 7.746 0.189
90 12.0 9487 0.315
120 14.0 10.954 0.567
180 16.0 13.416 0.819
240 18.0 15.492 1.071
300 20.0 17.321 1.322
420 23.5 20.494 1.763
600 29.0 24,495 2.456
900 375 30.000 3526

Cumulstive infiltration (cm)
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LKV Infiltration Test, C5@ 0.5 cm

y = 0.0037x% + 0.0077x

R*=0.9947

Square Root Time (sec”-2)
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Site C7  wheat grass stand, cleared litter from surface, fi macropores,dry soil, no grvl

h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 1.0 0.000 0.000
30 35 5.477 0.315
60 4.5 7.746 0.441
120 7.0 10.954 0.756
300 1356 17.321 1.574
660 275 25.690 3.338
900 375 30.000 4.597
990 41.0 31.464 5.038

Cumulative Inflitration (cm)

g

600

500

g

g

LKV Infiltration Test,C7 @ 0.5 cm

y = 0.0045x* + 0.0166x

R?=0.9992

10 15 20 25
Square Root Time (sec”-2)




Site C8 rocky area, thin soil, desiccation cracking, fi grvl, occ small plant, cheatgrass, fi macropores

h=0.5¢cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 11.0 0.000 0000
30 13.0 5.477 0.252
60 14.0 7.746 0378
120 15.5 10.954 0.567
240 19.0 15.492 1.008
360 22.0 18.974 1.385
720 31.0 26 833 2,519

Cumulative Infiitration (cm)

. 050
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LKV Infiltration Test,C8 @ 0.5 cm
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Site C9

soil with small plants, some litter, nearly saturated soil

h=0.5cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 0.0 0.000 0.000
30 3.5 5.477 0.441
60 5.5 71.746 0.693
90 75 9.487 0.945
120 9.0 10.954 1.134
150 11.0 12.247 - 1385
180 125 13.416 1.574
210 14.0 14.491 1.763
240 16.5 15.492 1.952
270 17.0 16.432 2,141
300 19.0 17.321 2.393

Cumulative Infiltration (cm)

300
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g

g
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000

LKV Infiltration Test, CI9@ 0.5 cmm
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bare soll with trace fine gravel, some litter, nearly saturated soil

Site C11
h=05cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 0.0 0.000 0.000
30 1.0 5477 0.126
60 1.5 7.746 0.189
120 2.0 10.954 0.252
180 3.0 13.416 0.378
240 38 15.492 0.472
360 4.3 18.974 0.535
480 .53 21,909 0.661
600 6.8 24.495 0.850
720 70 26.833 0.882
900 ‘8.0 30.000 1.008
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LKV infiltration Test, C11@ 0.5 cm

A
y = 0,0004x + 0.0217x ’/
R?=0.9923 /
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| Square Root Time (sec*-2)
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Site D4  in bare area, fine gravel, nearly saturated soll

h=0.5cm
time volume squareroot Cumulative LKV Infiltration Test, D4@ 0.5 cm
(sec) (ml) time Infiltration (cm)
0 0.0 0.000 0.000 400
30 1.0 5477 0.126 y =0.0015% + 0.0162x o
60 15 7.746 0.189 aso — p:
90 2.0 9.487 0.252 R*=0.998 /
120 25  10.954 0.315 300
180 30  13.416 0.378 £ /
210 35  14.491 0.441 2 250
240 40 15492 0.504 E /
270 43 16432 0.535 £ 200
300 45 17321 0.567 : /
360 55  18.974 0.693 s
420 63 20494 0.787 g /
510 65  22.583 0.819 ‘00
600 80  24.495 1.008
720 95  26.833 1.196 050
990 115  31.464 1.448
1320 145 36332 1.826 0004 _ , ,
2100 215 45826 2.708 0 10 2 % © 0
2760 29.0 52.536 3.652 Square Root Time (secA-2)




Site D6  wheat grass stand, bare soil area, dry soil, 6+ macropores 1mm $, desiccated soil

h=05cm
time volume squareroot Cumulative
(sec) (m) time Infiltration (cm)
0 4.0 0.000 0.000
30 60 5477 0.252
60 8.0 7.746 0.504
120 105 10.954 0.819
240 16.5 15.492 1.574
360 21.0 18.974 2.141
600 29.5 24.495 3.212
1080 46.0 32.863 5.290
P . 2
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LKV Infiltration Test, D6 @ 0.5 cm
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Site D8

cheat grass stand, fi macropores, juxtaposed desiccation crack, dry soil

h=0.5cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 12,0 0.000 0.000
30 14.0 5477 0.252
120 17.5 10.954 0.000
180 18.0 13.416 0.063
240 19.0 15.492 0.189
360 21.0 18.974 0.441
600 23.0 24.495 0.693

Cumulative Infliitration (cm)
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LKV Infiltration Test D8 @ 0.5 cm

y = 0.002x* - 0.0194x

R? = 0.9664

Square Root Time (sec*-2)
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Site D9  bare soil with trace litter, nearly saturated soil

h=0.5cm
time volume squareroot Cumulative
(sec) {ml) time Infiltration (cm)
0 0.0 0.000 0.000
30 25 5477 0.315
60 38 7.746 0.472
120 55 10.954 0.693
180 7.0 13.416 0.882
240 9.0 15.492 1.134
300 10.8 17.321 1.354
420 135 20.494 1.700
540 16.5 23.238 2.078

Cumulistive infiitration (cm)
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LKV Infiltration Test, DI@ 0.5 cm

y = 0.002)% + 0.0417x

R¥=10.0989
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Site D10 bare soil in wheat grass stand, fi grvl, desiccation cracks, fi macropores

h=05cm
time volume squareroot Cumulative
(sec) {ml) time Infiltration (cm)
0 4.0 0.000 0.000
30 6.5 5.477 0315
60 8.0 7.746 0.504
120 10.0 10.954 0.756
240 15.5 15.492 1.448
360 205 18.974 2.078
600 31.0 24.495 3.401

Cumulative Inflitration (cm)
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LKV Infiltration Test, D10 @ 0.5 cm

y = 0.0048x%° + 0.021x

R?=0.9987

10 15 20 25
Square Root Time (sec*-2)




Site E5 grass stand, litter, nearly saturated soll

h=05cm

time volume squareroot Cumulative
(sec) {m!) time Infiltration {cm)
0 0.0 0.000 0.000
30 20 5.477 0.252
60 3.0 7.746 0.378
120 5.5 10.954 0.693
180 7.0 13.416 0.882
240 9.0 15.492 1.134
300 11.0 17.321 1.385
380 13.0 19,494 1.637
720 240 26.833 3.023
1080 35.0 32.863 4.408
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LKV Infiltration Test, E5@ 0.5 cm

y.=0.0034x%+.0.020

R? = 0.9994

-

10 15 20 o 25 30
Square Root Time {sec*-2)




Site E7  cheat grass stand, med. macropores, dry & wet soil

h=05cm
time volume squareroot Cumulative
(sec) {ml) time Infiltration (cm)
o 20.0 0.000 0.000
60 21.0 7.746 0.126
120 23.0 10.954 0.378 wet
240 27.0 15.492 0.882
660 40.0 25.690 2.519
1020 51.0 31.937 3.904
0 8.0 0.000 0.000
30 11.0 5477 0.378 dry
60 13.0 7.746 0.630
120 17.0 10.954 1.134
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LKV Infiltration Test, E7 @ 0.5 cm

y = 0.0041x? - 0.0095x

R?=0.9996
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Site F6  wheat grass stand, cleared litter from surface, dry soil, no grvl, fi macropores

h=056cm
time volume squareroot Cumulative
(sec) (ml) time Infiltration (cm)
0 30 0.000 0.000
45 7.0 6.708 0.504
90 11.0 9.487 1.008
180 17.0 13.416 1.763
300 25.0 17.321 2771
600 41.0 24,495 4786
1020 63.0 31.937 7.557

Cumulativa Inflitration (cm)

800

LKV Infiltration Test, F6 @ 0.5 cm

y = 0.0057x% + 0.0551x

700

600

R?=0.9994

500

-/

400

300

200

/ " b

10 15 20

Square Root Time (sec”.2)

25 . 30

35

o

v
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Site F8  wheat grass - rabbitbrush, med - coarse macropores, fi grvl, dry soil

h=05cm
time volume squareroot Cumulative
(sec) (mi) time Infiltration (cm)
0 - 7.0 0.000 0.000
30 10.5 5.477 0.441
60 12.0 7.746 0.630
120 14.5 10.954 0.945
240 18.0 15.492 1.385
360 21.0 18.974 1.763
600 27.0 24.495 2519

Cumulative Infiitration {cm)

300

250

N
8

8

8

050

000

LKV Infiltration Test, F8 @ 0.5 cm

y = 0.0013x? + 0.0703x

R? = 0.9994

5 10 15 20
Square Root Time (sec*-2)

25




Appendix D
Decagon Devices Application Note



Measurlng Sonl Hydraullc Conduchvnty_‘
' with a Disk Inflltrometer (

A number of methods are. ava’ilable for measuring~
soil hydrauhc conductivity with a disk infiltrometer. We -
‘'suggest using the method proposed by Zhang (1997). The:
method requires measuring cumulative 1nf11trat10n S, tlme
-and fitting the results with:the function

'i;(cltlx;fcz,\[?); ©)

The hydrauhc eonduct1v1ty of the 3011 1s then computed
from : C - ; -

Ais computed from: e IR

T A’__11’.65(n°-’(-1)e‘?93‘,"t'-??°"’°]: -
- 0.91
(ar,) :
IETPTNE B L 3)
L a11.65(n® -1y sk '
A (ozr )09' . '1,2<-1'9
0 N ..

where n and o are the van Genuehten parameters for the
soil, 7, is the disk radius, and &, is the suction -at the disk
surface The van Genuchten- parameters for'the 12 texture -
classes of soil were obtained from Carsel arid Parrish (1988)
The minidisk infiltrometer has a radius of 159 cm and three
different suction rates 05,20, and 6.0 cm. Values of ‘A com-
puted for the minidisk infiltrometers are given in Table 1.




Table 1. van Genuchten Parameters for 12 Soil Texture Classes

Texture @ n A | A A
(am) h=05cm | h=2.0cm | h=6.0cm

sard 1015 268 5 | -89, 33
loamysand .~ | Q14 228 4771 58 100
sandy lam - | :'005 13 53 2 5l
loam W | 1% 687 | 60 41
silt 006 137 102 93 72
silt loam 00 141 1 8l G0
sandy dayloam | 009 | 148 37 28 13
day loam 0019 131 74 G5 47
silty day loam Q0i0 123 103 95 18
sandy day 0 | 1% 40 33 19
silty day 0005 100 8l 77 68
day 0008 109 32 49 40

Hydraulic conductivity is measured as follows:

1. Fill the infiltrometer. - Immerse in a container of
water and replace the stopper while the infiltrometer
is under water.

2. Record starting volume. - Use a ring stand and clamp
to suspend the infiltrometer vertically over a smooth,
level soil surface.

3. Start inflitration. - At time zero, slide the infiltrometer
down to make solid contact with the soil surface.

4. Record volume and time. - Record volume at regular
time. intervals as the water infiltrates.




A typical data set for'a 2.0 cm suction 1nf1ltrometer will look
hke the flI'St and second colurnns of Table 2

"f

B .
‘ R

Table 2 Sllt Loam Inflltratlon Experlment

“with 2.0-cm suction -

Time Volmne'_ -'Square Root ! ihlfiltmtioq
o T R R R i
05 )L 000 ] 000
f‘ U3 e 548 - | 076 -
e | % | 5 |- |
o7 ] 1
3, N R VI 0% | 1
190 ) B C- 125 227 -
180 % 134 253
20 7 | 144 278
240 /) ¢ 1549 303
Z/0 3l 1643 328
300 B uR G 34
] _ " siltLoam Inﬁltr‘a‘!ltio;'lﬁ;perl@_ent ‘
A4.0 05cm swchion  y = 00062x%+ 00858x  R*= 09991 o
., § 3:5.9 20cm suction y - 00054¢? + 00777x R?- 09997 . 05cm
. § 3.0 1 60cm suction > y = oooxs\ +uusm 3-09903, o 2.0'cm
:_E.: 2.5 '? . 1. i.;
Z 2.0
: 2 15
- ‘\-iég‘l.g‘ 60cm
‘ o 0.5 1
.. .00 T T v
.o 5 10 15 20
.t : Square Root of Time

T o 2




The volume'is converted to depth of water infiltrated by
subtracting the starting volume reading and dividing by the
area of the disk on the infiltrometer, 7.94 cm? The result is
shown in the 4" column of Table 2. An easy way to find C
and G, in eq. 1 is to use the square root of time as the inde-
pendent variable and fit a quadratic equation to the data,
constraining the solution to go through zero. The square root
of time is-in column 3 of Table 2. A quadratic is simple to fit
in an Excel spreadsheet. Select columns 3 and 4 from the
table and produce an XY (scatter) plot. Then double click on
the graph and right click on one of the points on the line.
Select “Trend Line” from the menu. Select the polynomial
2nd order from Type, and set intercept to zero, display
equation, and display R square from Options. The result for
the three infiltrometers is the graph below Table 2. From this
the value of C, is read directly. The hydraulic conductivity is
calculated for the'silt loam soil using Table 1 and eq. 2:

0.5 cm 20 cm 6.0 cm
k= 00062 0.0054 0.0015
01 81 60

k= 68x104 6.7 x 104 25x 104 ¢cm s?
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Appendix F _
Lakeview Top Slope Soil Classification
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GRAIN SIZE ANALYSIS—MECHANICAL Data Sheet 5

. .Project . L‘: ¢ L‘TSM - _ JobNo. -3 55§10° cO\

- Locatidn of Project L‘ K‘V BoringNo, — Sample No __Qj___C_"l_,_Q i "“", 28

e

. I AT )
DescnptuonolSoil _ \OOW H‘ \OVV\ Depmofsamp]e Svfwrw-L

Tested By G, 5w W ‘Date of teshng H ~1r- 56
Soil Sample Size (ASTM D1140-54)
Nominal diameter of \ Approximate minimum ’
largest particle Wt. of sample, g L
No. 10 sieve .- et L2000 - Lot A U L
No. 4 sieve 500 T wesh .
. 3/4in. .. . 1500 e ~ v 7 ,?c,_'-; e - 2

Wt. of dry sample’+ container | "1 0373 T T W{ g\stz - T

Wt. of container.. l:'\wp v L(ﬁv, B \LW— R A T |

Wt. of dry sample, W, 5\"; 5 . \ 'f)Zl\LJ j""':?:a.‘:) j—_ S._ndij ama.f\(f.'\
wosl« edd Lco 19 2 c] '

Siece uanalysis and grain shape -

- : ~ — " N C - ér
- Sieve "°// VJ4 . - Dam.(mm) - -Wt retained | -| - % retained - . % passing - CJ\) /0 AR
- IQN € Puiae ’)\v - I

43 B (508 &4p i?ﬁ R T B
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sracp’ |39 | o,om - Ausry| ows | 9.6 ol iy - v
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el o o T —= | = -
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‘ 73 e : - ,. T
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GRAIN SIZE ANALYSIS-HYDROMETER METHOD Data Sheet 7

‘ Project TSM™M Job No. 36080()@\’
fo3
Location of Project L‘LL\/ Boring No. Sample No. C(E"i};?lt\
Description of Soil 5“‘54; 50~Ml(‘.\ [frow.' Depth of Sample SVfCO(\k '
Tested By K Su hl\ Date ot Tt;s;ting _u LZ’ [66
Hydrometer analysis
Hydrometer no. {52+ C, of solids = 2. .05 595b-£"= /.09
Dispersing agent (‘*-ﬁcif'v - Amount\_Z-CDL'?\_ Wt. of soil, W.Lg‘ar_
Zero correction 50 @ (5 ¢ Meniscus correction” /- %
- Hyd.
Actual |+ Corr. © Corr. L K
N Time Elapsed Hyd. - Hyd. only for | . from from
Q of time, Temp., reac{ing reading % menmiscus| Table L Table
NS \\ Date | reading | min < R, R. Finer R 65 7 6-4 D, mm
w2 ifz] 9¢55 | ©
3 . g ¢ 2 -
- 2185, |- 20 1397124 1499140197 197 b.omylc.ousn
8 571 2 4357 [ =¢F 43|36 Jor-|5.2 | | le.ony
58 | 3 322 |72 [Hp.o|3a% {18 |36 | & |o0ats
s 20 1302 252 an |22 1115 2.8 foni ooz
. - ’/ P ,U < =
005! 10 [ 19% [ 272/8 1308 |28 1.7 |19 booos|e.ors
l0:25130  11\q% [20% 4B \znt: | 212 1729 160.93 o onnlo . 009
r0:55100 | 207 162 1S 16S 122 154 0.22 lsenblooob
I’ _o, - -
o {2590 12, 16— {1 = 13 /'7'0- 35 10,45 lo.or35|0 005
1698113 | 2o 1122 | iz {/e.2 u32 142 o.03y | oni| 6 co 3
> lifez [9:55 1o (49 |92 162 [0 /0% b |o.cio]ions|o-cott
; -
Jyidp (13 (20 |9 Y~ 15.8 | /0% 1199 |oce§ |connlo corz
R. = R,cw — zero correction + Cy % finer = R.(a)/WV, D= KVLIt

I\
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GRAIN SIZE DISTRIBUTION ' ] Data Sheet 6
;R PRI \
project L= 2M ML Job. No. %05 0%¢cc !
. '
Location of Project Lley Boring No. —__— ___ Sample No. _LC'S—'—LL-Cif
OG- D0 AL
- {
Description of Soil sSM-S¢ : 5&“-’,1 'Ccu Depth of Sample surlery
Tested By. G S Date of Testing W/ev/es
Gravel Sand
Coarsg to Fine Silt Clay
medium
U.S. sltandard sieve sizes
!
- 2 8 ¢ B 8k
s § £ § g £
100 ! ! 1 ! 1 1 .
1 |4 | L { ] 1 1 SG—
| T\T\%\ R I I.{./' t“i ( k"b'LWPJ-(
| 1 17 ? i ! J
| [ Tord 1N i
| 1 = r
80 | ,Lw)\‘ 1% 11 "\:? : 5 ,
1 - 1 . *
1 %0 ( N | ¢ -
i v | Se
! ka1 !F\\ Iy : 55% se+1
1 |
o ol LR BN
o 60 : 1 4
c ] ] g
b ' ! : l ? \\'. JJ‘IM!}', ‘L i
§ : : | i T T N Jny STt o
E | | ! l \41 3[}/'&" * W 7
i | ] 1 i [] Ny
I ! I ] 1 ! /\§,
! ! 1S 2 3(10/ . it
f - !
i | l l { l/ \A\ 0 !
20 I | ! | \ /T ¥
i T 1 t H t N
l ' ! ! I [ ™
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! 1 1 / 1 ” ‘e T
] ] T T | ]
* oz '3 sfsmge s : 5
o o =] o 0 o @

Grain diameter, mm

w\ng’\x 5¢ - Ce (lfvv(fw a.lnc n
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Visual soil description

Soil classification:
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Appendix G
Lakeview Top Slope Soil Moisture Contents
and Index Properties




Moisture Content & Volumetric Moisture

wetwt (q) dry wt (g) water content (%) total sample_volume (cc) dry density (q/cc) SG

1943
2157
27.77
18 81
26 50
26 00
1209
1287
1977
21.19
1538
2428
2021
17.48
16.13
2988
15147
2467
2624
26 21
2523
2540
2399
26 62
29 81
2434
2555
2800
2925
2206
2210
2415
18 89
28 63
28 69
1362
2583
2403
2763
28,18
25,70
3009
34,18
3653
3520
3473
3202
3320

1747
1904
2501
16 86
2323
2325
1062
1114
17 52
1892
1363
2172
1754
1517
1400
2638
1334
2133
2314
2304
2228
2242
2093
2347
26 02
2125
2253
24 20
2536
1903
19 12
2056
1621
2435
2434
1143
2187
1980
2328
24 36
21.76
2504
2861
3035
2972
2863
2620
2522

1122
1329
1104
1157
1408
1183
1384
1553
1284
1200
1284
179
1542
1523
1521
1327
1372
1566
13 40
1376
1324
1329
1462
1342
14 57
14 54
13 40
1570
154
1592
1559
17 46
1653
1758
1787
1916
18 11
2136
18 69
1568
131
2017
19 47
2036
18 44
2131
22
164

1990
2075
2135
1430
2325
1955
10 40
1160
14 65
1450
1115
1615
1675
14 30
1300
2105
1090
19 40
1795
1795
1660
1670
1675
1690
2030
16 45
1585
19 40
1985
1545
14 10
1660
1220
1860
18 45
925,
16 65
16 60
1695
1455
1485
1830
1950
2105
1845
1925
1830
1900

088
092
1.47
1.18
100
1.19
102
096
120
130
122
134
105
106
108
125
122
110
129
128
14
134
125
139
128
1.29
142
125
128
123
136
124
133
13
132
124
131
1.19
137
167
147
137

265
265
265
265
265
265
265
265
265
2865
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265

R 265

265
265
265
265
' 2865

voud ratio
202
189
126
125
165
123
160
176
122
103
147
097
153

093
058
081
094
081
084
065
078
08s
100

mean =

porosity

067
065
056
056
062
055
061
064
055
051
054
049
061
060
059
053
054
059
051
052
049
049
053
048
052
051
046
053
052
054
049
053
050
051
050
053
050
055
048
037
045
048
045
046
039
044
046
050

0523

% saturation

1473
18 65
2317
24 57
2258
2552
2300
2339
2799
3084
2913
3219
26 62
2694
27 60
3154
3120
29 42
3363
3425
3601
3617
3457
3916
36 16
36 65
4110
3701
3784
3664
4328
4060
44 06
45 48
46 95
44 36
47.16
4634
5328
7130
5935
5706
64 00
64239
7574
7222
69 18
8415 ¢

4036 .

11}

% |decimels|

985
1219
1293
1364
1406
1407
1413
1491
1536
1566
1570
1585
16 12
1615
1638
1663
1679
1722
1727
1766
17.77
1784
1827
1864
1867
1878
1905
1959
1960
1961
2113
2163
2197
2301
2358
2368
2378
2548
2566
2625
2653
2760
2856
2936
2970
3169
3180
4200

0098
0122
0129
0136
0141
0141
0141
0149
0154
0157
0157
0 159
0161
0162
0164
0166
0168
0172
0173
0177
0178
0178
0183
0186
0187
0188
0191
0196
0196
0196
0211
0216
0220
0230
0236
0237
0238
0255
0257
0263
0265
0276
0286
0294
0297
02317
0318
0420

0203




t porosity

Mean 05225
Standard Error 00090
Median 05160
Mode #N/A

Standard Deviation 006
Sample Variance 0004

l 0

Mean

Standard Error
Median

Mode

Standard Deviatio
Sample Variance

0203

0.187
#NIA

0004




