ERRATA SHEET

The Following Corrections and Clarifications Apply to: Closure Report (CR) for Corrective
Action Unit (CAU) 91: Area 3 U-3fi Injection Well

DOE Doecument Number: No DCE document number issued to this document
Revision: 0

Original Document Issuance Date: November 1995

This errata sheet was issued under cover letter from DOE on: August 10, 2010

The closure report for CAU 91 has no Use Restricticn Form or drawing/map included in the
document to describe the use restricted area, however, Section 3.3.3 states that the site will be
fenced and signage placed indicating the area as a Resource Conservation and Recovery Act
{RCRA) Unit. The drawing that was placed in the FFACO indicating the use restricted area lists
the coordinates for the RCRA Unit in Nevada State Plan Coordinates — North American Datum of
1983. In the ensuing years the reporting of coordinates has been standardized so that all
coordinates are reported in the same manner, which is: NAD 27 UTM Zone 11 N, meters. This
Errata Sheet updates the coordinate reporting to the currently accepted method and includes an
aerial photo showing the RCRA Unit with the coordinates listed showing the use restricted area.
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Department of Energy
Nevada Operations Office
P.O. Box 98518
Las Vegas, NV 89193-8518

NOV 22 1995

Paul J. Liebendorfer, P.E., Chief
Bureau of Federal Facilities

Division of Environmental Protection
State of Nevada

333 W. Nye Lane

Carson City, NV 89710

CERTIFICATION OF CLOSURE OF THE AREA 3 U-3FI WASTE UNIT

A copy of the Certification and Closure Report for the Area 3 U-3F1 Waste Unit,
November 1995, is being sent by copy of this memorandum to your Las Vegas office.
As required by 40 C.F.R. Part 265.115, the report contains a signed certification of
closure by myself as owner/operator of the site and a signed certification of closure by
an independent registered Professional Engineer.

‘Construction activities for the ciosure were completed on September 28, 1995, and the
first neutron soil moisture logging of well 3-3 was completed.

Since the site is expected to remain in federal ownership, no notice of Resource
Conservation and Recovery Act closure or survey plat is being provided to Nye County.

If you have any questions regarding the closure report, please contact Janet L.
Appenzeller-Wing, Environmental Restoration Division, at (702) 295-0461.

sy /] T

4, /Terry A. Vaeth
ERD:JAW ;4"‘

Acting Manager
Enclosures:
As stated

ce w/encls:
G. J. Sieren, NDEP, Las Vegas, NV
K. C. Beach, IT, Las Vegas, NV g

cc w/o encls:
S. J. Nacht, REECo, Mercury, NV
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AREA 3
U3f1 WASTE UNIT

RESOURCE CONSERVATION AND RECOVERY ACT
CLOSURE REPORT

November 1995

Prepared for
United States Department of Energy
Environmental Restoration Division

, Prepared by
Reynolds Electrical -& Engineering Company _
Environmental Restoration Projects Department
’ EnV7ronmenta7 Remedwat;on Section .
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1.0 INTRODUCTION

1.1 INTRODUCTION

This report documents the closure of the U3fi Waste Unit (U3fi) located in
Area 3 of the Nevada Test Site (NTS), Nye County, Nevada (Figure 1). The NTS,
a United States Department of Energy (DOE) facility, is approximately 105
kilometers (65 miles) northwest of Las Vegas, Nevada. The unit was used for
the disposal of wastes containing constituents reqgulated under the Atomic

Energy Act and possibly the Resource Conservation and Recovery Act (RCRA).

Approval of the closure plan was granted by the Nevada Division of
Environmental Protection (NDEP) on August 28, 1995. Mobilization efforts
began September 5, 1995. Closure activities began on September 6, 1995.
Closure was completed on September 28, 1995. Figure 2 provides the progress
of the closure activities. ‘

This section of the report provides the purpose and scope of the closure, a
summary of the work performed Teading to the closure, and background
information about the U3fi Waste Unit, Section 2.0 provides information on
the flood assessment prepared to determine engineering controls required to be
designed into the closure. Section 3.0 provides details on the closure
activity. Section 4.0 provides closure certifications signed by the DOE and
by the Independent Professional Engineer.

Appendix A provides the design summary for the flood study. Appendix B
contains the grout plug calculations. Daily reports and field notes are
located in Appendix C. Appendix D contains the Independent Engineer’s NTS
Daily Rig Operations Forms. Material weight sheets and dry material batch
weight certifications are found in Appendix E and the grout testing report in
Appendix F.

Closure requirements are based on the following:

o Title 40 Code of Federal Regulations (CFR) §265.310 Closure and Post-
Closure Care;

e Nevada Administrative Code (NAC) 534.421, Pluggqing: Wells for Purposes
Other Than Water Wells;

e NDEP, 1995, Hazardous Waste Management Faci1ity Number NEV HWO009, United
States Department of Energy, Nevada Operations Office, Nevada Test Site
[.D. Number_NV3890090001, Part B Hazardous Waste Permit; and :

e Title 40, CFR §265.115 Certification of Closure.
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FIGURE 2 - CLOSURE ACTIVITY PROGRESS CHART
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1.2 PURPOSE AND SCOPE

Based upon the characterization drilling program, it was determined that the
best course of action was to close the waste unit in place. Closure consisted
of decommissioning the well by emplacing plugging materials, covering the unit
with a concrete pad, and erecting a concrete monument equipped with a brass
identification marker followed by site grading. Fencing and signs around the
unit separate the unit from the surrounding area.

This report includes the following:

U3fi Waste Unit description;

Flood assessment and design;

Closure and cap design;

Closure details including as-built drawings;

Survey plat of the locations and dimensions of the U3fi Waste Unit and
ER-3-3 monitoring well; and

Closure certificates signed by an authorized representative of
DOE/Nevada and a independent registered professional engineer.

1.3 SITE HISTORY

1.3.1 DESCRIPTION

The U3fi Waste Unit was an abandoned emplacement hole Tocated in Area 3 of the
NTS (Figure 1). It was drilled by Reynolds Electrical & Engineering Company,
Inc. (REECo), between March 27 and April 24, 1967, for emplacement of a
nuclear testing device for the Los Alamos National Laboratory (LANL). A
detailed history of the emplacement hole drilling program can be found in the
U3fi Waste Unit Closure Plan (DOE, 1995a).

On April 11, 1967, the depth of the hole was 256 meters (841 feet) below the
surface (bgs). Due to subsurface conditions, a thicker drilling foam was
introduced to the hole. The foam did not work and the hole caved, trapping
the drill bit at a depth of 254.8 meters (836 feet). Attempts to retrieve the
drill bit failed. The top of the collapsed emplacement hole was Tocated at
73.2 meters (240 feet) bgs. The hole was abandoned on April 24, 1967.

1.3.2 WASTE DISPOSAL ACTIVITIES

The U3fi Waste Unit was established in 1970. A detailed presentation of waste
disposal activities at the U3fi Waste Unit can be found in the U3fi Waste Unit

Closure Plan (DOE, 1995a). The waste unit primarily received LANL solid .

4
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postshot drillback waste. The disposed waste was primarily postshot drillback
"high-grading" wash water which was solidified with cement. Radioactive cores
from drillback operations were also disposed into the unit (DOE, 1995a). Core
samples consisted of mixed fission and activation products from the ’
solidification of detonation debris/melt collected during postshot drilling
activities (DOE, 1995a). The unit was under LANL control at the time (DOE,
-1995a).

In 1977, control of the U3fi Waste Unit was assumed by the Atomic Energy
Commission, renamed the Energy Research and Development Administration, now
known as the DOE. Waste was generated from four additional sources; Lawrence
Livermore National Laboratory (LLNL), the Area 6 Decontamination Pad, Area 12
Tunnels, and LRY3 which was an unspecified generator of weapons test program
waste. :

Documentation of waste disposal activities began in 1977. The database was
established and maintained by the REECo Defense Waste Management Department,
currently the REECo Waste Management Department. It had 102 entries between
January 11, 1977 and November 28, 1988. Access to the U3fi Waste Unit from
1977 to 1989 was gained through both REECo Radiation Safety and Wackenhut
Services, Inc. (DOE, 1995a). Copies of the waste disposal documents can be
found in Appendix C of the Closure Plan (DOE, 1995a).

According to waste disposal records, an estimated 86.34 curies with a weight
of 1.7 kilograms (3.7 pounds) of fission products from drilling activities
were placed within the waste unit. In addition to the radiocactive waste
described in the waste disposal records, it is believed that chromium from
drilling mud and Tead from pipe-lubricant, stemming, and shielding materials
may also have been disposed into the waste unit. Waste was placed from 55
meters (180 feet) bgs to approximately 73 meters (240 feet) bgs.

1.4 SUMMARY OF PRELIMINARY ACTIVITIES

The U3fi Waste Unit Closure Plan (DOE, 1995a) summarizes the results of site
_characterization activities which included:

e Interviews with NTS employees familiar with the unit to identify details
regarding construction, history, and waste inventory of the unit;

s Analytical results of soil samples taken from the soil surrounding the
' unit. Samples were taken at a shallow depth for radioactive and RCRA
parameters;

e Sample results of the atmosphere of the unit for gamma emitting
radionuclides and volatile organic compounds;

o Video logs of the inside of the unit to identify the form and condition
of waste located on the»top of the waste placed in the unit; and
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e A slant borehole intersected the U3fi Waste Unit at approximately 400
feet. The borehole was used to describe soil conditions and to collect
soil and soil gas samples. The borehole was converted into a monitoring
well (ER-3-3) that will be used for monitoring soil moisture.

Since the U3fi Waste Unit was closed in place, the waste must be monitored to
verify that well will not impact ground water. The U3fi Post-Closure Plan
(DOE, 1995b) discusses the post-closure monitoring program, including the
frequency and duration of monitoring. .

1.5 SUPPORT DOCUMENTS

Closure activities are based on the following documents:

e Resource Conservation and Recovery Act Industrial Site Environmental
Restoration Closure Plan, Area 3 U3fi Waste Unit, (DOE, 1995a);

e Design Summary for U3fi Waste Unit Drainage, (RSN, 1995a);

o Nevada Test Site, Area 3, U3fi Waste Unit RCRA Closure, Drawing JS-003-
133-C2 (RSN, 1995b);

e Resource Conservation and Recovery Act Industrial Site Environmental
Restoration Post-Closure Plan, Area 3 U3fi Waste Unit (DOE, 1995b); and

e Standard Guide For Decommissioning of Ground Water Wells, Vadose Zone
Monitoring Devices, Boreholes, and Other Devices For Environmental
Activities, Standard D5299-92, (American Society for Testing and
Materials [ASTM], 1995). '

The ASTM Decommissioning Guide (ASTM, 1995), while not required, is an
industry standard for the decommissioning of wells containing hazardous waste.
It supplements state regulations and provides general criteria for the
selection of plugging materials. It defines characteristics such as a
material's ability to remain structurally sound, the ability of materials to
maintain sealing capabilities, and not react with the waste.

In addition to the previously described documents, several additional
documents were prepared prior to the start of field activities to close the
unit.

e An Environmental, Safety and Health (ES&H) Checklist for field projecté
was filled out. This checklist provides an overview of a broad range of
ES&H issues typically observed at a site.

e A Site Specific _Health & Safety Plan was prepared and approved by the
DOE Project Manager and REECo Health Protection Department, Occupational
Safety, Occupational Medicine, NTS Construction and Environmental
Restoration Projects Departments.

6
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e A Categorical Exclusion (CX) was approved on December 22, 1992 that
covers closure activities. It indicates that the proposed action will
not affect any environmentally sensitive resources including cultural
and historical resources, threatened or endangered species, critical
habitats, floodplains or wetlands, special sources of water, or prime
agricultural land. The CX also states that the proposed activity will
not violate any statutory regulatory or permit requirements.

e A Mobilization Checklist was cbmp]eted to facilitate mobilization
activities to the site.
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2.0 FLOOD ASSESSMENT

2.1 INTRODUCTION

RCRA regulations require that a flood assessment be prepared to determine if
engineering controls need to be designed into the closure to protect the waste
unit from erosion during flood events. The risk of flooding associated with
the site can be established by assessing the drainage basin associated with a
site. By using topographic maps and runoff models, the risk of flooding for a
specified return frequency (for example, a flood that can be expected to occur
on a statistical average of once every 25 years) and precipitation duration
(the length of time of a precipitation event) can be developed.

Generally, surface runoff models are used to determine whether a site lies
within a 100 year floodplain. The design requirement for the U3fi Waste Unit
closure is that the cap is to withstand a 25 year, 24 hour storm event, i.e. a
storm could statistically occur once every 25 years with a 24 hour duration.

2.2 RESULTS OF THE FLOOD ASSESSMENT

A detailed flood assessment was prepared. The Design Summary for the U3fi
Waste Unit Drainage (RSN, 1995a) can be found in Appendix A. The runoff was
calculated using the TR-55 peak discharge method (Clark County, 1990). A
drainage basin of 6 square kilometers (2.3 square miles) flows past the unit
based on the United States Geological Survey (USGS) Yucca Flat and Paiute
Ridge 7.5 minute topographic quadrangles.

A 25 year, 24-hour storm is calculated to generate 5.08 centimeters (2 inches)
of precipitation discharged into the drainage basin. Using the TR-55 peak
discharge method, a flow of 0.39 cubic meters per second (13.74 cubic feet per
second) could pass through the U3fi Waste Unit. The estimated depth for this
flow is 0.36 centimeters (0.14 inches) at a velocity of 0.15 meters per second
(0.48 feet per second). Review of the native soil structure indicates that
this velocity is insufficient to cause erosion. The U3fi Waste Unit cap was
designed so that any water running across the waste unit will be directed away
from the unit (USGS, 1983, a,b).

The flood assessment also considered the affects of a 100 year storm event.
The analysis indicates that a 25 year, 24 hour storm event is Targer than a
100 year, 6-hour storm event. Since the flow depth for the 25 year, 24-hour
storm event is less than 0.31 meters (1 foot) it is unlikely that the U3fi
Waste Unit is located within the 100 year floodplain.
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2.3 DESIGN CRITERIA SELECTED

Both the U3fi Waste Unit and the ER 3-3 Monitoring Well compietion pads are
elevated 7.62 centimeters (3 inches) above ground surface. The concrete pad
is sloped away from each unit. This design prevents the possibility of any
ponding in the vicinity of either the U3fi Waste Unit or Monitoring Well ER-3-
3.
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3.0 CLOSURE ACTIVITIES

3.1 APPROACH

Results of the drilling program characterization indicated that soil
surrounding the U3fi Waste Unit was not significantly impacted (DOE, 1995a).
Analytical data indicated that soils around the well head and subsurface soil
had concentrations below Regulatory Action Levels. Therefore, remediation of
the surface or subsurface soil within the vicinity of the U3fi Waste Unit was
not required.

3.2 CLOSURE PLAN AND DESIGN

Based upon the findings of the drilling characterization program, a closure
plan was prepared and submitted to the NDEP for concurrence and approva1. The
closure plan provided a design for plugging the waste unit by using expanding
cement grout and sand. In addition, the plan 1nc1uded the installation of a
well to monitor soil moisture (DOE, 1995a). :

The closure design for the U3fi Waste Unit was developed based upon the
conditions identified in the unit characterization and requirements found in
the ASTM guidance document on the decommissioning of wells and boreholes
(ASTM, 1995). The ASTM document provided a number of criteria on choosing
plugging materials so that the material performed without adversely reacting
with the waste, or caused a pathway to develop so that waste could move if
mobilized by a liquid (such as water).

The methodo]ogy for unit closure as provided to the NDEP in the Closure Plan
(DOE, 1995a) is summarized below:

s Provide equipment for decommissioning the well from the surface
including a dust collection/control system for the placement of sand.
This system is designed to reduce the volume of dust released from the
unit during sand placement. Downhole equipment (such as a tremmie) is
not required.

e Plugging of the well using a base sand plug of approximately five feet
of stemming sand (a volume of 3.82 to 19.12 cubic meters [5 to 25 cubic
yards]). The sand is placed on top of the waste. After sand placement,
the depth of the hole is tagged in several locations using a wireline.

e The addition of a base cement grout plug that has a thickness of 0.91
meters (3 feet) of expanding cement grout (a volume of 2.4 cubic meters

[3.14 cubic yards]) is placed on top of the sand. After placing the
grout, the depth of the hole is to be tagged using a wireline.

10
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A bottom grout cement plug is required to prevent the material placed
into U3fi during the closure from compressing the underlying waste. The
cement grout plug calculations are found in Appendix B.

e Wait a minimum of 24 hours for sufficient grout strength to be reached.
The top of the cement grout is again tagged with the wireline. The 24
hour period allows the cement grout to properly set and therefore
support the material to be placed above the grout.

e After the depth to the top of the expanding cement grout is measured, an
additional plug of expanding cement grout is added. The thickness of
this plug is between 2.13 to 3.05 meters (7 to 10 feet). This is a
volume of 5.6 to 8.01 cubic meters [7.33 to 10.47 cubic yards]). The
top of the second grout plug js then tagged with the wireline. This
will bring the top of the material to a depth of 50.29 to 49.38 meters
(165 to 162 feet) from the surface of the unit.

e Wait a minimum of 48 hours for the material to reach strength. Again
tag the top of the cement plug with the wireline. Plug the well using
stemming sand from the top of the cement plug to a depth of 15.85 meters
(52 feet). This is an approximate volume of 88.073 cubic meters (115.19
cubic yards) of material. To verify that the fill is rising according
to calculations, the top of the sand layer is to be tagged using the
wireline after each truck load is discharged. The top of the final sand
placement is also tagged.

e Place the upper expanding cement grout plug from 15.85 meters (52 feet)
to grade.

e Prior to bringing the final pour of grout to the surface, build a form
around the well for the pad. Pour the final plug and the pad.

The Area 3 U3fi Waste Unit Closure Pian was submitted to the NDEP in June
1995. :

3.3 CLOSURE ACTIVITIES

The Area 3 U3fi Waste Unit Closure Plan was approved by the NDEP on August 28,
1995. The DOE Subproject Task Manager authorized closure work to begin on
August 28. Closure activities are summarized in Table 1.

A detailed description of the closure activity is provided below. A copy of
the closure manager’s daily field notes and daily reports are found in

Appendix C. The Independent Engineer’s Daily Rig Operating Reports can be
found in Appendix D.

11
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TABLE 1 - SUMMARY OF CLOSURE ACTIVITIES

Mobilize to site 9/5/95 9/5/95 | Mobilized dust collection system, generator, installed
' ’ security fencing, and cut holes in the U3fi cover for
| equipment access, safety, and environmental control.
Start closure activities 9/6/95 9/6/95 Held pre-project Site Specific Health & Safety Meeting
Placement of base sand plug 9/6/95 9/6/95 | Poured 4.25 cubic meters (5.56 cubic yards) of 20/40
~{sand. Created a 2.13 meter (7 foot) plug.
Placement of base cement grout 9/6/95 9/6/95 | Poured 3.06 cubic meters (4 cubic yards) of expanding
plug ' cement grout to form a 1.83 meter (6 foot) base plug.
Design of expanding cement grout 9/7/95 9/7/95 Poured 9.17 cubic meters (12 cubic yards) of expanding
plug and installation cement grout to form a 3.05 meter (10 foot) plug.
Placement of inert sand plug 9/11/95 9/12/95 | Poured 80.56 cubic meters (105.37 cubic yards) of NTS
stemming sand to form a stemming sand column of 32.61
meters (107 feet). "
Placement of upper cement grout 9/12/95 9/13/95 | Poured 41.29 cubic meters (54 cubic yards) of
plug expanding cement grout and 6.12 cubic meters (8 cubic
yards) of concrete to form a final cement/concrete
plug column of 15.54 meters (51 feet). '
Placement of monument and 9/13/95 9/14/95 | Placed monument in center of the U3fi emplacement
completion of pad hole. Poured 6.88 cubic meters (9 cubic yards) of
concrete for pad.
Demobilize 19/18/95 9/18/95 | Demobilized dust collection system and generator from
Site
12
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Completion of site work 9/19/95 9/19/95 |Graded surface area surrounding U3fi and ER 3-3 with
_ soil and crushed stone.
Installation of security fence 9/19/95 9/27/95 | Installed a-18.29 meters (60 feet) by 12.19 meters (40
around U3fi and ER 3-3 - ' feet) fence that is 2.44 meters (8 feet) high.
Installation of RCRA signs 9/28/95 9/28/95
U3fi Waste Unit Closure ~9/5/95 9/28/95 | Site closed
13
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3.3.1 Mobilization Activities

The following activities were completed prior to the approval of the Closure
Plan by the NDEP. The schedule allowed approximately 30 days to complete the
closure (by September 30, 1995). This required that the following activities
be done prior to approval of the plan.

* Preparing the expansive cement grout mixture and mixing the dry
components;

e Drying the stemming sand;

e Ordering fencing material;

* Preparing dust abatement equipment for use at the unit; and
e Scheduling manpower for»the activity.

Actual mobilization activities to the site began on September 5, 1995. This
consisted of setting up the following:

o Establishing an exclusion zone around the well site;
» Erecting a fence for site control;
o Mobilizing the dust abatement system and a generator to the site;

e Modifying the existing U3fi cover plate to allow insertion of the dust
control and wireline tagging equipment so that the cover did not have to
be removed. Dust control was accomplished by cutting holes into the
cover plate for insertion of the dust abatement equipment. This was
done as the open 188 centimeters (74 inch) diameter hole is considered a
safety hazard; and

e Removing of debris inside and around the exclusion zone.

3.3.2 Plugging Activities

The initial plugging activities began on September 6, 1995 with the placement
of approximately 4.20 cubic meters (5.5 cubic yards) of 20/40 stemming sand.
The sand was placed into the well under pressure using a high pressure hose.
The hose extended approximately three meters (10 feet) into the well. The
large diameter of the well casing with a minimum diameter of 188 centimeters
(74 inches) allowed for the use of this equipment (and Tater also for the free
fall of the expanding cement grout). Free fall was used as bridging of
discharged plugging materials within the Targe diameter casing had a very Tow
probability of occurring.

14
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The dust collection system which operated during the sand placement worked
well. There were no releases of dust from the well.

Tagging indicated a rise of only 0.31 meters (1 foot) in the well. This was
attributed to the sand filling interstitial spaces within the loosely packed
waste before filling the well. An additional 4.20 cubic meters (5.5 cubic
yards) of 20/40 sand was then placed into the hole. Tagging showed a depth to
the top of the sand at 53.73 meters (173 feet). A total volume of 8.41 cubic
meters (11 cubic yards) of sand were required to produce a sand bedding plug
of 2.13 meters (7 feet). Dry materials batch weight certifications and
material weight sheets are located in Appendix E.

Grouting operations to place the base cement grout plug began immediately
following placement of the sand bedding plug with placement of 3.06 cubic
meters (4 cubic yards) of expanding cement grout. The cement grout was placed
into the well by backing up the cement truck to the edge of the well and
allowing the cement to free fall to the base of the well. Tagging indicated
the depth to the top of the grout was 51.21 meters (168 feet). equivalent to a
grout thickness of 1.52 meters (5 feet). Samples of the expanding cement
grout were taken for testing. Material testing results are found in Appendix
F.

The grout was allowed to set for 24 hours before the addition of more grout.
An additional 9.18 cubic meters (12 cubic yards) of grout was poured on
September 7, 1995. The depth to the top of the grout was tagged at 48.16
meters (158 feet). This formed a plug of expanding cement grout containing
12.23 cubic meters (16 cubic yards) of grout, or a plug that is 4.57 meters
(15 feet) in thickness. '

The material was allowed to continue to set and any fallback was measured by
tagging the top of the material again after 72 hours. The top of the grout
was measured at 48.16 meters (158 feet) indicating that fallback had not
occurred. Fallback is caused by a Toss of material into the formation
(unlikely in this situation), or into the waste, or from shrinkage of the
grout. The latter could cause a preferential pathway for moisture to move

into the waste.

NTS fine stemming sand was placed above the grout base plug. This activity
began on September 11, 1995 and was completed on September 13, 1995. The sand
was placed into the well in a similar manner as the initial sand pour. A
volume of 82.28 cubic meters (105 cubic yards) of material was placed into the
well. The top of the sand was tagged at 15.54 meters (51 feet). This
resulted in a total sand thickness of 32.61 meters (107 feet).

The upper expanding cement grout plug was poured on September 13, 1995 with
41.29 cubic meters (54 cubic yards) of expanding grout placed into the well.

The top of the grout was tagged at 1.83 meters (6 feet). The upper cement
grout plug has a thickness of 13.72 meters (45 feet).

15
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The closure design was modified on September 14, 1995 by a representative of
the remediation project manager, the constructor, and inspection engineer.
Instead of using the expanding cement grout mix, ready mix concrete was used
to complete the well closure and construct the pad. This change reduced
closure costs without reducing closure specifications. Concrete is a more
durable material for pad construction than cement. Approximately 6.12 cubic
meters (8 cubic yards) of ready mix concrete were poured into the well to a
depth of 0.15 meters (0.5 feet) bgs.

A second small change was made to the size of the survey monument. Instead of
constructing a monument, an available pre-cast monument was used. The change
resulted in a larger monument than in the design. The survey monument was
placed approximately in the center of the closed U3fi well.

A 4.57 meter (15 feet) square form was constructed around the well head. Once
this activity was completed, 6.88 cubic meters (9 cubic yards) of concrete was
poured into the well and the pre pad form to complete the final cap and pad.

3.3.3 Site Cleanup, Grading and Fencing Activities

Between September 18, 1995 and September 27, 1995, the area around the pad was
filled with clean fill material and road chips. This material was compacted
and graded to a 4:1 slope. A 2.44 meter (8 feet) high chain 1ink fence with a
6.10 meter (20 foot) wide double swing gate was installed around both the U3fi
Waste Unit and Monitoring Well ER 3-3. The location of the U3fi monument was
surveyed and a brass survey marker installed. Signs indicating that the
facility is a RCRA Unit were placed on the fence on September 28, 1995.

A11 requirements for the closure of the unit were met on Septembér 28, 1995
and the U3fi Waste Unit was closed.

The as-built drawings for the U3fi Waste Unit closure are provided as Figures
3 through 6. Figure 4 Site Plan/Survey Plat provides the survey locations for
the U3fi monument and the ER 3-3 monitoring well.

3.3.4 ‘Changes Made To The Closure Design

Four minor changes were made between the closure design and the actual closure
of the unit. These are indicated in Table 2. These changes do not negatively

impact the closure and in a number of instances improve the performance of the
material placed into the well.

16
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TABLE 2 - MODIFICATIONS MADE TO

THE CLOSURE DESIGN

1. Thickness of the initial
cement plug

3.05 meters

(10 feet)

4.57 meters
(15 feet)

To keep plug from moving.

| Thicker plug increases the amount of

weight the plug can support.

2. Top of the stemming sand

15.85 meters
(52 feet)

15.54 meters
(51 feet)

Within field accuracy of +1 foot.

No effect on closure.

3. The entire cement plug and
cap.

Originally
designed to use
the expanding
cement grout to
grade

The top 1.83
meters (6 feet)
of the well and
the cap were
completed with

Costs were reduced by using a-
standard concrete mix rather than a
specialized cement grout where the
grout would not add any benefit to
the closure.

ready mix _ : '
concrete Concrete is a more durable material
than cement grout.
4. Height of the U3fi 0.61 meters 1.37 meters Reduction in cost by using available
monument (2 feet) (4.5 feet) pre-cast monument rather than
construct monument.
No effect on the closure.
21
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4.1 CERTIFICATION BY THE DEPARTMENT OF ENERGY/NEVADA OPERATIONS OFFICE

I certify under penalty of Taw that the U3fi Waste Unit located in Area 3 at
the Nevada Test Site has been closed in accordance with the approved Resource
Conservation And Recovery Act, Industrial Site Environmental Restoration
Closure Plan, Area 3 U3fi Waste Unit, dated June 1995 and the Permit for a
Hazardous Waste Management Facility Number NEV HW009, United States Department
of Enerqy, Nevada Operations Office, Nevada Test Site, 1.D. Number
NV3890090001, dated March 27, 1995. Al71 measures required in the Closure Plan
and the applicable Resource Conservation and Recovery Act 42 U.S.C. §6901-
69917 and 40 CFR, Parts 260-268 have been fully implemented and that to the
best of my knowledge, no violations exist.

eyry A7 Vaeth, Acting Manager
Ngvada Operations Office

MNov 22, )995
Date

DOE Nevada Operations Office
Post Office Box 98518
Las Vegas, NV 89193-8518
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4.2 CERTIFICATION OF CLOSURE BY THE INDEPENDENT PROFESSIONAL ENGINEER

I, Kenneth C. Beach, Jr., a registered Professional Engineer, hereby state
that I have reviewed the Closure Plan for closure of the Area 3 U3fi Waste.
Unit located at the Nevada Test Site and am familiar with the rules and
regulations of Title 40 CFR §265.310 pertaining to the closure of such a
facility. The closure of this facility has been performed in compliance with
the Resource Conservation And Recovery Act, Industrial Site Environmental
Restoration Closure Plan, Area 3 U3fi Waste Unit dated June 1995 approved by
the Nevada Division of Environmental Protection, and the Permit for a
Hazardous Waste Management Facility Number NEV HW009, United States Department
of Enerqy, Nevada Operations Office, Nevada Test Site, I.D. Number
NV3890090001, dated March 27, 1995.

&L/%QM/‘Q
Kenneth C. Beach, Jr."
New Mexico Professional Engineer

HITDS

IT Corporation .
4330 S. Valley View, #114
Las Vegas, NV 89103

23
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APPENDIX A

DESIGN SUMMARY FOR
U3TfT WASTE UNIT DRAINAGE
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DESIGN SUMMARY
for
U3fi WASTE UNIT DRAINAGE

SCOPE

The scope of this document is to provide positive drainage of the area around the
waste unit to prevent precipitation and runon from ponding at the waste unit and
nearby monitoring well ER3-3.

REFERENCES

1. Iternational Technologies Corporation, Letter to J. L. Appenzeller-Wing- (DOE),
Dated June 19, 1995.

2. Clark County Regional Flood Control District Hydrologic Criteria and Drainage
Design Manual, October 1990.

3. 40 CFR 264.
CRITERIA

The closure cap must prevent wash-out of the waste from a 25 year, 24 hour
storm event. .

DISCUSSION

The top of the waste zone is approximately 180 feet (564.86m) from the surface
and the unit is planned to be closed by stemming to the surface with inert materials
(expanding grout and sand) and a grout pad placed at the top that will be sloped to
prevent ponding.

A visit to the site to investigate local drainage indicated that the surrounding grades
are such that nuisance water from precipitation and runon will not pond at the
waste unit or the monitoring well.

The drainage area impacting the unit was determined using USGS quadrangles, and
divided into three subareas based on the pattern of intermittant streams within the
drainage area. The TR-55 peak discharge method was then used to determine the

discharge due to the 25 year, 24 hour storm event (see attached calcs).

RESULTS
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The calculated peak discharge is 88.4 CFS in a measured flow width of 2707 feet. '
Using the modified mannings equation for shallow rectangular flow, the calculated

depth of runon impacting the waste unit is less than 1 inch at a velocity of less

than 1 foot per second. :

As the discharge for the 25, 24 event is larger than the 100 year, 6 hour event,
and the flow depth for the 25, 24 event is less than 1 foot, then it is reasonable to
assume that the unit is not in a 100 year floodplain.

- Also, since the velocity is less than the clear water scour for the native soils,
erosion at the cap is unlikely, and providing a sloped cap to prevent pondmg is
adequate.
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Chapter 2: Estimating runoff

SCS Runoff Curve Number method

The SCS Runoff Curve Number (CN) method is
described in detail in NEH-4 (SCS 1985). The SCS
runofl equation is

(P -1
(P-1) +S .
where
Q = runofT (in),
P = rainfall (in), _
S = potential maximum retention after runofl

begins (in), and
initial abstraction (in).

N

L

Initial abstraction (I,) is all losses before runoff
begins. It includes water retained in surface
depressions, water intercepted by vegetation,
evaporation, and infiltration. I, is highly variable but
generally is correlated with soil and cover
parameters. Through studies of many small
agricultural watersheds, I, was found to be
approximated by the following empirical equation:

1, = 0.2S.  {Eq. 22

By removing 1, as an independent parameter, this
approximation allows use of a combination of S and P
to produce a unique runoff amount. Substituting
equation 2-2 into equation 2-1 gives

Q= (P-0252 [Eq. 23]
(P + 0.85)

S is related to the soil and cover conditions of the
watershed through the CN. CN has a range of 0 to
100, and S is related to CN by

s = _1000 4 [Eq. 24]
CN :
Figure 2-1 and table 2.1 solve equations 2-3 and 24
for a range of CN's and rainfall.

Factors considered in determining
runoff curve numbers

The major factors that determine CN are the
hydrologic soil group (HSG), cover type, treatment,
hydrologic condition, and antecedent runoff condition
(ARC). Another factor considered is whether
impervious areas outlet directly to the drainage
system (connected) or whether the flow spreads over
pervious areas before entering the drainage system
(unconnected). Figure 2-2 is provided to aid in
selecting the appropriate figure or table for
determining curve numbers.

CN's in table 22 (a to d) represent average
antecedent runoff condition for urban, cultivated
agricultural, other agricultural, and arid and semiarid
rangeland uses. Table 2-2 assumes impervious areas
are directly connected. The following sections explain
how to determine CN’s and how to modify them for
urban conditions.

Hydrologic soil groups

Infiltration rates of soils vary widely and are affected

by subsurface permeability as well as surface intake

rates. Soils are classified into four HSG's (A, B, C,
and D) according to their minimum infiltration rate,
which is obtained for bare soil after prolonged
wetting. Appendix A defines the four groups and
provides a list of most of the soils in the United
States and their group classification. The soils in the
area of interest may be identified from a soil survey
report, which can be obtained from local SCS offices
or soil and water conservation district ofTices.

Most urban areas are only partially covered by
impervious surfaces: the soil remains an important
factor in runoff estimates. Urbanization has a greater
effect on runoff in watersheds with soils having high
infiltration rates (sands and gravels) than in

‘watersheds predominantly of silts and clays, which

generally have low infiltration rates.

Any disturbance of a soil profile can significantly
change its infiltration characteristics. With
urbanization, native soil profiles may be mixed or
removed or fill material from other areas may be
introduced. Therefore, a method based on soil
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texture is given in appendix A for determining the
HSG classification for disturbed soils.

Cover type

Table 2.2 addresses most cover types, such as
vegetation, bare soil, and impervious surfaces. There

are a number of methods for determining cover type.

The most common are field reconnaissance, aerial
photographs, and land use maps.-

Treatment

Treatment is a cover type modifier (used only in
table 2-2b) to describe the management of cultivated
agricultural lands. It includes mechanical practices,
such as contouring and terracing, and management
practices, such as crop rotations and reduced or no
tillage.

Hydrologic condition

Hydrologic conditian indicates the effects of cover
type and treatment on infiltration and runoff and is
generally estimated from density of plant and residue
cover on siumple areas. Good hydrologic condition
indicates that the =oil usually has a low runoff
potential for that specific hydrologic soil group. cover
type. and treatment. Some factors to consider in
estimating the effect of cover on infiltration ancl
runoff are (a) canopy or density of lawns, crops, or
other vegetative areas; (b) amount of vear-round
cover; (c) amount of grass or clpse-seeded legumes in
rotations; (() percent of residue cover; and (e) degree
of surface roughness.

Table 2-1.—Runoff depth for selected CN’s and rainfall amounts!

Runofl depth for curve number of—

Rainfall 40 45 50 55 60 65 I 5 30 3B N 9 9
inches ———————mmmmm e
1.0 0.00 000 0.00 000 0.00 0.00 000 003 0us 017 032 056 079
1.2 .00 00 .00 .00 .00 KLY 03 07 15 27 46 AT | 99
1.4 .00 .00 .00 .00 00 02 06 13 .24 39 61 92 1.18
1.6 .00 OU .00 00 .01 05 11 .20 JRAI A2 T 1.11 1.28
1.8 00 00 .0 .00 .03 K0.Y) 17 249 Ad K15 493 1.29 1.53
2.0 .00 .00 .00 02 .06 14 24 38 .00 80 1.09 1.48 1.57
2.5 .00 .00 .02 .08 A7 .30 46 55 39 1.18- 1.53 1.96 2.27
3.0 00 .02 9 .19 33 5l .1l 9 1.25 1.59 1.98 2.4H 2,57
3.5 02 .08 .20 35 .53 .75 1.0] 1.30 1.64 2.2 2.45 2.94 3.27
4.0 .06 .18 33 .53 76 1.03 1.% 1.67 2.0 2.46 292 3.43 AT
4.5 .14 .30 .50 .74 1.02 1.33 1.67 2.05 2.46 2.91 3.44 3.92 4.26
5.0 .24 .44 .69 98 1.30 . 1.65 2.04 245 2.89 3.37 3.38 4.42 .76
6.0 .30 .80 1.14 1.52 1.92 2.35 2.81 3.28 3.78 4.30 1395 5.41 5.96
7.0 &4 1.24 1.68 2.12 2.60 3.10 3.62 4.15 4.69 95.25 .82 6l 6.76
8.0 1.25 1.74 225 278 3.33 3.89 446 5.04 5.453 6.21 .81 7.40 7.76
9.0 1.71 2.29 2.88 3.49 4.10 4.72 5.33 5.95 6.57 7.18 7.79 8.40 &6
10.0 2.23 2.89 3.56 4.23 4.90 5.26 6.22 688 1.52 R 16 RIS 9.40 9.76
11.0 2.78 3.52 4.26 5.00 572 6.43 713 .81 348 9.13 0.77 10.39 10.76
12.0 3.38 4.19 5.00 5.79 6.56 7.32 .05 8.7H 9.45 10.11 10.76 11.39 11.796
13.0 4.00 4.89 5.76 6.61 7.42 8.21 S.9% 9.71 10.42 11.10 11.76 12.39 12.76
14.0 4.65 5.62 6.55 7.44 8.30 9.12 9.491 W.67 11.39 12.08 12.75 13.39 13.76
15.0 5.33 6.36 7.35 8.29 9.19 10.04 10.55 11.63 12.37 13.07 13.74 14.39 14.56
‘Interpolate the values shown to obtain runofl depths for CN's or ruinfall amounts not shown.
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Figure 2-2.—Flow chart for selecting the appropriale figure or table for determining runoff curve numbers.
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Table 2-2a.—RunofT curve numbers for urban areas!

) Curve numbers for
Cover description hydrologic soil group—

Average percent ‘
Cover type and hydrologic condition impervious area? A B C D

Fully developed wrban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries,

ete.P: .
Poor condition (grass cover < 50%) ............. . 68 79 §6 89
Fair condition (grass cover 50% to 75%). .......... 49 9 &4
Good condition (grass cover > 75%) .............. 39 . 61 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-of-way). ......................... 98 98 8 98
Streets and roads:
Paved; curbs and storm sewers (excluding

rightoffway)........... ... .. ... 98 98 98 a8
Paved; open ditches (including right-of-way) ....... a3 89 92 93
Gravel (including right-of-way) ................... 76 -85 89 9
Dirt (including rightof-way) ..................... 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only)... 63 7 85 88
Artificial desert landscaping (impervious weed
barrier, desert shrub with 1- to 2-inch sand. )
or gravel mulch and basin borders). .............. 96 96 96 96
‘Urban djstricts:
Commercial and business.......................... 85 89 92 94 95
Industrial . ... o 72 81 88 " 91 93
Residential districts by average lot size: :
1/8 acre or less (town houses)...................... 65 T 85 90 92
Udacre ..o 38 61 5 83 1
H3acre ... 30 57 72 81 84
V2acre ... o 25 54 70 80 85
Lacre ... o 20 51 . 68 79 &
2acres .......... e 12 46 65 T 82

Developing urban areas

Newly graded areas (pervious areas only,

no vegetation)® ...... ... e 7 86 91 94
Idle lands (CN's are determined using cover types

similar to those in table 2-2c).

‘Average runofl condition. and [, = 0.2S. . . .

"The average percent impervious area shown was usedt to develop the composite CN's. (ther assumptions are ax follows: impervious areas
are directly connected to the driinage system, impervious areas have a CN of 98, and pervious arvas are oonsidered equivitlent to open
space in good hydimlogic eonditivn. CNs for other combinations of conditions may be computed using ﬁulln- 23 or 24,

JCN's shown are equivalent to those of pasture. Composite CN's may be computed for uther tombinations of OpeN Space cover type.
Campasite CN's for natural desert landscaping shoukl be computed using fignrex 2.3 or 24 based on the imprervious area pcn-enmm' (N
= 83) el the pervious arex CN. The pervious area CN's are assumed equivalent to desert shrub in poor hyitrologic c‘_muhlmn. ) )
*Composite CN's to use for the dexign of temporry measures during grading and construction <hould he computed using figure 2-3 or 2-1,
bazed on the degree of develupment (impervious aren percentage) and the CN's for the newly graded pervious aueas.
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Table 2-2b.—Runoff curve numbers for cultivated agricultural lands!

Cover description

Curve numbers for
hydrologic soil group—

Hydrologic
Cover type Treatment? condition? A B C D
Fallow Bare soil - 17 36 01 94
Crop residue cover (CR) Poor i 8> N 93
Good g 53 o N
Row crops Struight row (SR) Poor 12 8] 8¥ 91
Gowd H7 8 55} XY
SR + CR Poor 71 30 57 ™)
Gouol L] 73 52 55}
Contoured (C) Poor 70 74 2] =3
Good 63 . 73 52 86
C + CR Poor 9 78 83 87
Good 54 74 31 85
Contoured & temuced (C&T) Poor 606 4 S0 32
Gowd 62 71 78 31
C&T + CR Poor 63 3 79 31
Gouwd 1} 0 77 &)
Small gruin SR Poor 63 76 84 B8R
Goutl 53 5 53 81
SR + CR Poaor 64 D %3 %6
Gouod 60) 72 b1 84
C Poor 63 (2 32 85
Goud ol 3 31 34
C +CR Poor 52 73 %1 84
Gouwl 6l) 72 N N3
C&T Poor 6] T2 79 52
Gauodd 39 T ) 51
C&T + CR Poor G0 71 L] 31
Gouwd 58 GY T )
Close-seedec SR Puor 66 7 83 XY
or broadcast Good 58 4 31 .5
]eg‘uxpes or C Poor 18} IE 53 39
rotation Good 5 69 ) 23
meadow C&T Poor 63 73 B0 %3
Good 51 67 76 )

'Avernyge runoff comdition, aml 1, = 0,25,
Oy vesud e cocer applies onlyv il pesidoe b= on gt deast 5% of the smface througzhmn the vear,

Hidrologic comndition is hased on combination of fictors that affect infiltmation and mmol, including G density sod Ginepy of vegoetative
arvas ) et of yearavund awer, 1©) amoant of griss or close-sceded egues inomtations, () percent of residue cover on the ind s
face grond 2 2077 ), ol Le) degree of surlace marhness,

Dot Faetars impssie infifusition and tend te inervase manofl.

lrnal: Faclors enanurigre avergre and better than average infiltration amd tend Lo decrease 1molf.
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Table 2-2¢.—RunolT curve numbers for other agricultural lands'

Curve numbers for

Cover description hydrologic soil group—
, Hydrologic

Cover type , condition A B C D
Pasture, grassland, or range—continuous Poor 68 79 8% 39
forage for grazing.? ’ Fair 49 69 79 34
Good 39 61 IL] S0
Meadow—continuous grass, protected from - ~ 30 o8 71 78

grazing and generally mowed for hay.
Brush—brush-weed-grass mixture with brush Poor 18 o7 m he ]
the major element.? Fair 35 36 7 T
Good “30 48 35 T3
Woods—grass combination {orchard Pour 57 73 2 86
or tree farm).® Fair 43 65 76 82
Good 32 58 A 79
Woods.® Poor 45 66 T 3
Fair 36 G0 73 9
Good 430 55 70 I
Farmsteads—buildings, lanes, driveways, : - 59 74 2 86

and surrounding lots.

'Average runo(l condition. and 1, = 0.235.

oo <Y wround cover or heawily gmzed with no mudeh.
Fair: 30 to 75% pround cover and not heavily ygrazed.
Goed: > 75% pround cuver and tightlv o only occastonally nmzed,

00 <X gvand cover.
Fa: 3 w0 5% oo cover.
Crood: >T55% groand cuver.

1Actual curve number is lexs than 30 uxe CN = 30 for runofl computations.

FCNs shown were computed for areas with SU0% woods and 0% jomess (pasture) cover. Other combinations of conditions may be computed
from the UN's for woskds and pasture. :

S Poor: Fyrest hitter, small Uves, and brush are destroved by heavy grizing or regular burming.
Fair: Woods are grazed but not binmed. and some forest litter covers the soil.
Crond: Woods are protected {rom grazing, and litter and brush adequately cover the =ail.

UNCONTROLLED When Printed
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Table 2-2d.—Runoff curve numbers for arid and semiarid rangelands’

Curve numbers fur

Cover description hydrologic soil group—
Hydrologic

Cover type condition? A3l B C D
Herbaceous—mixture of grass, weeds, and Poor 80 87 93
low-growing brush, with brush the Fair 71 .81 39
minor element. Good 62 74 85
Oak-aspen—mountain brush mixture of cak brush, Poor 66 74 79
aspen, mountain mahogany, bitter brush, maple, Fair . 43 57 3
anl other brush. Good 30 1 i3
Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair a8 73 30
Good : 11 61 7l
Sagebrush with grass understory. Poor 67 80 8
. Fair 31 63 70
Good 35 47 33
Desert shrub—major plants include saltbush, Poor 63 77 85 s
greasewood, creosotebush, blackbrush, bursage, Fair 50 72 21 56
palo verde, mesquite, and cactus. Good 49 63 79 B4

'Average runofl condition, and I, = 0.25. For range in humid regions, use table 2:2¢.
H'imnr <30% pound cuver (litter, puss, and brush overstory).

Fuir: 30 10 T0% ground cover.

Gixxd: >70% mound cuver.

3Cwve numbers for group A have been developed.only for desert shrub.
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Antecedent runoff condition ,

The index of runoff potential before a storm event is
the antecedent runoff condition (ARC). ARC is an
attempt to account for the variation in CN at a site
from storm to storm. CN for the average ARC at a
site is the median value as taken from sample rainfall
and runoff data. The CN's in table 2-2 are for the
average ARC, which is used primarily for design
applications. See NEH-4 (SCS 1985) and Rallison and
Miller (1981) for more detailed discussion of storm-to-
storm variation and a demonstration of upper and
lower enveloping curves.

Urban impervious area modifications

"Several factors, such as the percentage of impervious
area and the means of conveying runoff from
impervious areas to the drainage system, should be
considered in computing CN for urban areas (Rawls
et al., 1981). For example, do the impervious areas
connect directly to the drainage system, or do they
outlet onto lawns or other pervious areas where
infiltration can occur?

Connected impervious areas

An impervious area is considered connected if runoff
from it flows directly into the drainage system. It is
also considered connected if runoff from it occurs as
concentrated shallow flow that runs over a pervious
area and then into a drainage system.

Urban CN's (table 2-2a) were developed for typical

. land use relationships based on specific assumed
percentages of impervious area. These CN values
were developed on the assumptions that (a) pervious
urban areas are equivalent to pasture in good
hydrologic condition and (b) impervious areas have a
CN of 98 and are directly connected to the drainage
system. Some assumed percentages of impervious
area are shown in table 2-2a.

If all of the impervious area is directly connected to
the drainage system, but the impervious area
percentages or the pervious land use assumptions in
table 2-2a are not applicable, use figure 2-3 to
compute a composite CN. For example, table 2-2a
gives a CN of 70 for a Y-acre lot in HSG B, with an

UNCO

assumed impervious area of 25 percent. However, if
the lot has 20 percent impervious area and a
pervious area CN of 61, the composite CN ubtained
from figure 2.3 is 68. The CN difference between 70
and 68 reflects the difference in percent impervious
area.

Unconnected impervious areas

Runoff from these areas is spread over a pervious
area as sheet flow. To determine CN when all or
part of the impervious area is not directly connected
to the drainage system, (1) use figure 24 if total
impervious area is less than 30 percent or (2) use
figure 2-3 if the total impervious area is equal to or
greater than 30 percent, because the ubsorptive
capacity of the remaining pervious areas will not
significantly affect runoff.

When impervious area is less than 30 percent. obtain
the composite CN by entering the right half of figure
24 with the percentage of total impervious area and
the ratio of total unconnected impervious area to
total impervious area. Then move left to the _
appropriate pervious CN and read down to find the
composite CN. For example, for a Y%-acre lot with 20

. percent total impervious area (75 percent of which is

unconnected) and pervious CN of 61. the composite
CN from figure 2-4 is 66. If all of the impervious
area is connected, the resuiting CN (from figure 2-3)
would be 68.

ONTRQLLEDR When.Printed, o6, 2.9



100 T u
EEEESRERR =S2
Pervious CN:’XO [ -
90 1L u = =
80324 = - -
= ]
ot T
= _]Q:
= 80 o o |
(o] ot 1A =
N nRE=2 6
= 11
~ 70 <0
2 o)
a l‘[ ]
g 2O
(&) 60 .
50
40 .
0 19 20 30 40 50 60 70 80 - 90
Connected impervious area, %
Figure 2-3.—Compuosite CN with connected impervious area.
T 0.0
<
. Avy .
\ <, L 3
o o
" ) 0.5 %
| < i // q
Y[\ 3 A E
] ‘ca ———- -
90 (Ul 80 wh_so so\~ _ ANA 1 Lo ‘é
[ W% ﬁ% o o
i VNIV A £
L a1 8! a1y Ry AL lX 1 Al Nl IR 1 Al R o . [0
o
| oy
I \[N L N

90 80 70 60 50 40 0 10 20 30

Composite CN Total impervious
area, %

Figure 2-1.—Composite CN with unconnected impervious areas and total impervious area less than :
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Runoff

When CN and the amount of rainfall have been
determined for the watershed, determine runoff by
using figure 2.1, table 2.1, or equations 2-3 and 24.
The runoff is usually rounded to the nearest
hundredth of an inch.

Limitations

» Curve numbers describe average conditions that
are useful for design purposes. If the rainfall
event used is a historical storm, the modeling
accuracy decreases.

» Use the runoff curve number equation with
caution when recreating specific features of an
actual storm. The equation does not contain an
expression for time and, therefore, does not
account for rainfall duration or intensity.

» The user should understand the assumption
reflected in the inijtial abstraction term (I;) and
should ascertain that the assumption applies to the
situation. 1,, which consists of interception, initial
infiltration, surface depression storage,
evapotranspiration, and other factors, was
generalized as 0.2S based on data from
agricultural watersheds (S is the potential
maximum retention after runoff begins). This
approximation can be especially important in an
urban application because the combination of
impervious areas with pervious areas can imply a
significant initial Joss that may not take place. The
opposite effect, a greater initial loss, can occur if
the impervious areas have surface depressions that
store some runoff. To use a relationship other than
1, = 0.2S, one must redevelop equation 2-3, figure
2-1, table 2-1, and table 2-2 by using the original
rainfall-runoff data to establish new S or CN
relationships for each cover and hydrologic soil

group.

* Runoff from snowmelt or rain on frozen ground
cannot be estimated using these procedures.

« The CN procedure is less accurate when runoff is
less than 0.5 inch. As a check, use another
procedure to determine r1unoff.

+ The SCS runoff procedures apply only to direct
surface runoff: do not overlook large sources of
subsurface flow or high ground water levels that
contribute to runoff. These conditions are often
related to HSG A soils and forest areas that have
been assigned relatively low CN's in table 2-2.
Good judgment and experience based on stream
gage records are needed to adjust CN’s as
conditions warrant.

e When the weighted CN is less than 40, use
another procedure to determine runoff.

Examples-

Four examples illustrate the procedure for computin;
runoff currve number (CN) and runoff (Q) in inches.
Worksheet 2 in appendix D is provided to assist
TR-55 users. Figures 2-5 to 2-8 represent the use of
worksheet 2 for each example. All four examples are
based on the same watershed and the same storm
event.

The watershed covers 250 acres in Dyer County,
northwestern Tennessee. Seventy percent (175 acres,
is a Loring soil, which is in hydrologic soil group C.
Thirty percent (75 acres) is a Memphis soil, which is
in group B. The event is a 25-year frequency, 24-hou
storm with total rainfall of 6 inches.

Cover type and conditions in the watershed are
different for each example. The examples, therefore,
illustrate how to compute CN and Q for various
situations of plopoced planned, or present
development.

Example 2-1
The present cover type is pasture in good hydrologic

condition. (See figure 2-5 for worksheet 2
information.)

UNCONTROLLED When Printed
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Example 2-2

Seventy percent (175 acres) of the watershed,
consisting of all the Memphis soil and 100 acres of
the Loring soil, is Y-acre residential lots with lawns
in good hydrologic condition. The rest of the
watershed is scattered open space in good hydrologic
condition. (See figure 2-6.)

Example 2-3

This example is the same as example 2-2, except that
the %-acre lots have a total impervious area of 35
percent. For these lots, the pervious area is lawns in
good hydrologic condition. Since the impervious area
percentage differs from the percentage assumed in
table 2-2, use figure 2-3 to compute CN. (See

figure 2-7.)

Example 2-4

This example is also based-on example 2-2, except
that 50 percent of the impervious area associated
with the Y%-acre lots on the Loring soil is
‘“unconnected,” that is, it is not directly connected to
the drainage system. For these lots, the pervious
area CN (lawn, good condition) is 74 and the
impervious area is 25 percent. Use figure 24 to
compute the CN for these lots. CN’s for the Y%-acre
lots on Memphis soil and the open space on Loring
soil are the same as those in example 2-2. (See figure
28.)

UNCONTROLLED When Printed
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Worksheet 2: Runoff curve number and runoff

Pro ject Hecven \Y AC'?S By WIR Date )0\ lBS’
Location Dyer Covn t Y, Tenncssee Checked M Date ‘ol) I&S
Circle one: Developed

1. Runoff curve nuaber (CN)

Sail name, Cover description v/ Area Product
and CN ~ of
hydrologlc (cover type, treatment, and L N CN x area
group hydrologic condition; 1 N ch;en
percent impervious; v Ont-
unconnected/connected impervious 2| w| o2
(appendix A) area ratio) L ol B
Mmp\ms) D Pq;\'u re, goed comd i Hon 6| 30 1830
LD"lv\jj C qu‘&'urc\ SOQA os\di'*’;ov\ _‘q _70 S‘BO
i Use only one CN source per line. Totals = ele 100
N (velghted) - f2tal product J0lO, ‘lO.l Use QN =
‘ . total area Is'e)}
2. Runoff ]
’ Storm #) Storm #2 Storm #3
Frequency . ............ svsecosessensocne yr 2 S
Rafnfall, P (26=hour) sueeevveeeonceesss tn .0
RUNOEE, Q tivevrecteneoosanecsonnncocasne in Z. e ‘

(Use P and CN with uble 2 1, !13. 2-1,
or eqs. 2-3 and 2-4.)

Figure 2-5.—Worksheet 2 for example 2-1.
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Worksheet 2: Runoff curve number and runoff

Pro ject |‘\Cavt“‘|\[» Acres

By ‘NIR

Location bjer- C0m+~{J Ttnnfﬁ‘see

Circle one: Present

Date lcll )85-

Checked _)!ﬁ Date |0!5|8$‘

17S -atres res'\de..-l\'a]

l. Runoff curve aumber (CN)

Soil name Cover description 1y Area Product
and CN — of
hydrologic (cover type, treatment, and I . CN x ares
group . hydrologic condition; ~l ol A Racres
percent impervious; ) Omi-
unconnected/connected impervious 2l ] w{D2
(appendix A) area ratio) el £ =
2 5% inrofviut!
-~ 1o S 2s
MC&J\\i B \I‘L ctee \{\'5‘ 3°°d Co“dl"k‘" S O
. ) 2S5 in,!rv'oo&.f
Lo-.‘njj C_ ‘/Z_ ac < !o"’il 3uod C-\A;‘l'\'a'\ 80 IOO 8@
Lor:ag, C quv. sppce 3ooc1 Can;‘{';o'\ ‘14 s §8S50O
1 yse only one CN source per line, Totals = 250 18,800
\8,8006 — ‘
CN (weighted) = fotal product 21778 752  yse oy = s
total area 250 ——
2. Runoff
Storm 11 Storm 12 Storm {13
FreqQuUency ....ceveverviecesncrerasasenans YT 25-
Rainfall, P (24-hout) ...iiiuvernrnravass in 6’0
RUNOE L, O tiiiierieeriinnencereonnnnnas . in 3.28
(Use P and CN wvith table 2-1, fig. 2-1,

or eqs. 2-3 and 2-4.)

Figure 2-6.—Worksheet 2 for example 2-2.
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Pro ject

Worksheet 2: Runoff curve number and runoff

. s
YNeaver iy AeeTs

sy wJIR

Location Dvy=r C’-"Uf-"y, T =rnessee,

Circle one: Present (Developed

Date

I0||\8§

Checked M3  Date tol3las

1. Runoff curve number (CN)

(Use P and CN with table 2-1,

fig. 2-1,
or eqs. 2-3 and 2-4.)

Figure 2-7.—Worksheet 2 for example 2-3.

UNGONTREOLLE B-WhebdP tintedoss)

Soil nare Cover description A/ Atea Product
and CN = of
hydrologic (cover type, treatment, and ol Al o ‘CN x area
group hydrologic condition; ~o] macgu
percent {impervious; o Onri-
unconnected/connected impervious )y w| oo|%
(appendix A) area ratio) el 2l =
35% l‘-up"v"e-lf .
. : b Yy s
MCW?\\ISIB I/L ace e \°4$) 30')6‘ Lbﬂcjltbﬂ ] —l SSSO
359 i-q'orviou:
Lor‘--ca, C \Iz acre |°~lsl Soe.v;l mnd;-".bv\ (=74 |coo 8200
Lor:ws ,C OP"" Space, good condition Y as §5S80
1 use only one CN source per line. Totals = Zso \"1‘300
CN (weighted) = total product -“:11 - 172 Use CN =
total area 250 -
2. Runoff
Storm f1 Stors #2 Storm #3
] 2 S
TEQUENCY tveeunerrocnnccannaooononenonn yr
Rainfall, P (24=hoUT) sevennevaeoonennne in 6,0
Runoff, Q@ coeevevecrnnnnane seesectesanan in 3“48
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2-16

" Pro ject

Hl:o-:—«-.ﬁ Ac re~=

Worksheet 2: Runofl curve number and runoff’

By v LI°Q

Location D\;ec- C,ovv’T\{ N T: roa®

Circle one:

Present (D ped

Date \')lllB:-'

Checked 4/ pate 1212 lgx

1. Runofl curve number (CN)

Soil name Cover description \/ Area Product
and CN = of
hydreologic (cover type, treatment, and Al IR CN x area
group hydrologic condition; ~ ‘\l‘ & R acres
percent impervious; [ Oai-
unconnected/connected impervious > 00 D%
(appendix A) area ratio) A Il B
250, connected (wpervio.s
.. 1. |70 7S [ s2¢
r\’]prms_)B (Il acre )o"bi’-iooa (DercliThor 250
SN0 imprrvic S bl 5°'7¢°~p-u1
. -J-_.(uv--r“ .
L0rm3,C ‘/7_ ac r€ ’0434 '30’)J (Mn‘r'w _18 6o —'BCO
Lor-'ng,C OP..\A S poce, gocd co..A.‘Km Y 7S £S5D
Y yse only one CN source per line. Totals = LSO 'B,QCXS
18 DO
N (vetghted) = total product B, - 7':{. ‘j Use CN =
total area 2S00 H
2. Runoff
Stornm #1 Stora #2 Stora 1)
Frequency +oecvecnrecraccnnscacenna P yr 2 S
Rafnfall, P (26~hout) .eecceenonanacnns- tn -0
RUNOff, Q tivriennnrcnacsecrocanannneees in 3'\q
(Use P and CN with table 2-1, fig. 2-1,

or eqs. 2-13 and 2-4.)

Figure 2-8.—Workshcet 2 for example 2.
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Chapter 3

Travel time (T is the time it takes water to travel
from one location to another in a watershed. T, is a
component of time of concentration (T,). which is the
time for runoff to travel from the hydraulically most
distant point of the watershed to a point of interest
within the watershed. T, is computed by summing all
the travel times for consecutive components of the
drainage conveyance system.

T, influences the shape and peak of the runoff
hydrograph. Urbanization usually decreases T,
thereby increasing the peak discharge. But T, can be
increased as a result of (a) ponding behind small or
inadequate drainage systems, including storm drain
inlets and road culverts, or (b) reduction of land slope
through grading.

Factors affecting time of concentration
and travel time

Surface roughness

One of the most significant effects of urban
development on flow velocity is less retardance to
flow. That is, undeveloped areas with very slow and
shallow overland flow through vegetation become
modified by urban development: the flow is then
delivered to streets, gutters, and storm sewers that
transport runoff downstream more rapidly. Travel
time through the watershed is generally decreased.

~ Channel shape and flow patterns

In small non-urban watersheds, much of the travel
time results from overland flow in upstream areas.
Typically, urbanization reduces overland flow lengths
by conveying storm runoff into a channel as soon as
possible. Since channel designs have efficient
hydraulic characteristies, runoff flow velocity
increases and travel time decreases.

Slope

Slopes may be increased or decreased by
urbanization, depending on the extent of site grading
or the extent to which storm sewers and street
ditches are used in the design of the water

- Time of concentration and travel time

management system. Slope will tend to increase
when channels are straightened and decrease when
overland flow is directed through storm sewers,
street gutters, and diversions.

Computation of travel time and
time of concentration

Water moves through a watershed as sheet flow.
shallow concentrated flow, open channel flow, or
some combination of these. The type that occurs is a
function of the convevance system and is best
determined by field inspection.

Travel time (Ty) is the ratio of flow length to flow
velocity:

L
3600 V

(Eq. 3-1]

Tl=

where

T, = travel time (hr),

L = flow length (ft).
V = average velocity (ft/s), and
3600 = conversion factor firum seconds to hours.

Time of concentration (T¢) is the sum of T, values for
the various consecutive flow segments:

UNCONTROLLED When Printed
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T, = time of concentration (hr) and
m = number of flow segments.
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Sheet flow

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

For sheet flow of less than 300 feet, use Manning’s
kinematic solution (Overton and Meadows 1976) to
compute T:

- 0.007 (nL)Y-8
LT (P05 50.4

Table 3-1.—Roughness coefficients (Manning's n) for
sheet flow

(Eq. 3-3]

Surface description n!

Smooth surfaces {concrete. asphalt, gravel, or

bare soil) . ... e 0.011
Fallow (noresidue) ................. ... ... 0.05
Cultivated soils:

Residue cover <20% ........ ... ... ... 0.06

Residue cover >20% ........... ... .. ... 0.17
Grass:

Short grass prairie .................. e 0.15

Dense grasses? ..., ..............c.iciuinnn 0.24

Bermudagrass................ S 0.4
Range (matural) ............... P 0.13
Woods:?

Light underbrush. . ... .. ... .. ............ 0.40

Dense underbiush . ........... .. ... R 0.30

'The n values ard u composite of information compiled by Engman

(1986). ,

?Includes species such as weeping loveruss, bluegiuss, butlula
prass, blue gruma yrass, and native grass mixtures.

IWhen selecting o, consider cover to a height of about 0.1 . This
is the only part of the plant cover that will ubstruct sheet flow.

UNCONTROLLED When Printed 10

where

travel time (hy),

Manning's ‘roughness coefficient (table 3-1),
flow length (ft),

Z-year, 24-hour rainfall (in), and

slope of hydraulic grade line (and slope,
fuit).

"

mn?l“::]
i

This simplified form of the Manning's kinematic
solution is based on the following: (1) shallow steady
uniform flow, (2) constant intensity of rainfall excess
(that part of a rain available for runoff), (3) rainfall
duration of 24 hours, and (4) minor effect of
nfiltration on travel time. Rainfall depth can b

obtained from appendix B. )

Shallow concentrated flow

After a maximum of 300 feet, sheet flow usually
becomes shallow concentrated flow. The average
velocity for this flow cair be determined from figure
3-1, in which average velocity is a function of
watercourse slope and type of channel. For slopes
less than 0.005 ft/ft. use equations given in appendix
F for figure 3-1. Tillage can affect the divection of
shallow concentrated Aow. Flow may not always be
directly down the wautershed slope if tillage 1runs
across the slope.

After determining average velocity in figure 3-1, use
equation 3-1 to estimate Ll';l\r‘elgjlpe for the shallow
concentrated flow segment. =

Sy
- T e

,
o —
e
h

s D
<

Open channels

Open channels are assumed o begin-where surveyed
cross section information has been obtained, where
channels are visible on aerial photographs, or where
blue lines (indicating streams) appear on United

~ States Geolugical Survey (USGS) quadrangle sheets.

Manning’s equation or water surface profile
information can be used to estimate average flow
velocity. Average flow velocity is usually determined
for bank-full ¢levation.

33



Manning’s equation is

Ly AT (Eq. 3]
n
where
V = average velocity (ft/s),
r = hydraulic radius (ft) and is equal to a/py,
4 = cross sectional flow area (ft2),
Pw = wetted perimeter (ft),
s = slope of the hydraulic grade line (channel

slope, ft/ft), and
n = Manning’s roughness coefficient for open
channel flow.

Manning’s n values for open channel flow can be
obtasned from standard textbooks such as Chow
(1959) or Linsley et al. (1982). After average velocity
1s computéd using equation 34, T, for the channel
segment can be estimated using equation 3-1.

Reservoirs or lakes

Sometimes it is necessary to estimate the velocity of
flow through a reservoir or lake at the outlet of a
watershed. This travel time is noymally very small
and can be assumed as zero.

Limitations

o Manning’s kinematic solution should not be used
- for sheet flow longer than 300 feet. Equation 3-3
was developed for use with the four standard

rainfall intensity-duration relationships.

» In watersheds with storm sewers, carefully
identify the appropriate hydraulic flow path to
estimate T¢. Storm sewers generally handle only a
small portion of a large event. The rest of the
peak flow travels by streets, lawns, and so on, to
the outlet. Consult a standard hydraulics textbook
to determine average velocity in pipes for either
pressure or nonpressure flow.

e The minimum T, used in TR-55 is 0.1 hour.

« A culvert or bridge can act as a reservoir outlet if
there is significant storage behind it. The
procedures in TR-55 can be used to determine the
peak flow upstirream of the culvert. Detuiled
storage routing procedures should be used to
determine the outfiow through the culvert.

Example 3-1

The sketch below shows a watershed in Dyer
County, northwestern Tennessee. The problem is to
compute T, at the outlet of the watershed (point D).
The 2-year 24-hour rainfall depth is 3.6 inches. All
three types of flow occur from the hydraulically most
distant point (A) to the point of interest (D). To
compute T, first determine T, for each segment
from the following information:

Segment AB: Sheet flow; dense grass; slope (s) =
0.01 ft/ft; and length (L) = 100 ft.
 Segment BC:  Shallow concentrated flow; unpaved;
s = 0.01 fuft; and L = 1400 ft.
Segment CD:  Channel flow; Manning’s n = .05;

flow area (a) = 27 ft2; wetted
perimeter (py,) = 28.2 ft; s = 0.005
ft/ft; and L = 7300 ft.

See figure 3-2 for the computations made on
worksheet 3. '

10 ft 1,400 ft 7,300 1t

,r

{not to scale)
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Worksheet 3: Time of concentration (T,) or travel time (T¢)

Pro ject H EO\/CV“j Acres py DW Dace ‘olclas

tocatton Dyer Coundy Tennesser  checked X% bace jol8las

Clrcle one: Present ( Developed\

Circle one: ® 'l't through subasrea

NOTES: Space for as many as two segnenta per flow type can be used for each
vorksheet.

Include a map, schematic, or description of flov segments.

Sheet flow (Applicadle to Tc only) Segment ID AB

DENY R
1. Surface description (table 3-1) ..icevennnnn G RASS
2. Manning’s roughness coeff., n (table 3-1) .. O-zuf

1. Flov length, L (total L < 300 fe) ..eeoe.... tc | VOO

4. Two-yr 24=hr rainfall, Pz csesentvesenanasas in 3- 6
5. Land SlOPe, 3 csieececcsccccnccavrsosescsascas fL/LL O°O|
0.8 )
6. T - w%l{(ﬂ(;')?_ Coapute T, ...... ht O-?’O * * 10,20
PZ ]
Shallow concentrated flow Segnent ID BC—
7. Surface description (paved or unpaved) ..... UnW"e"l

B. Flov 1ength, L eeveeurneronncnncensenneneees tr [ 1HO0O

9. Vatercourse slope, 3 .......... teeernecaness ft/ft | OO0

10, Average velocity, V (ffgyre 3-1) ......o.0a. ft/s \. 6

1. T, = —= Compute T, ......  hr 0.4 “10. M

t 3600 v
Channel flow Segment 1D LD
12. Cross gectional flow area, a ..... cesssensee “2 2-7
13. Wetted perimeter, P, c.oeieveeranrcnccoacnns (e | 28.2
14, Hydraultc radius, ¢ -F.— Compute T o.cne.. fe O.QS—]

A

15. Channel 310pe, $ cevcaecrvassonsarnosesaenss fC/fL 0.008

16. Hanning's roughness coeff., n ....cieiecnann O-OS
273 172
L4L9
7. v = ! rn 2 Compute V ....... fe/s 2-05

18, Flow length, L toeeeseicrrvirencooconnossnss ft 730d

: aq |- -
9. - — . ]
: T~ e v Compute T  ...... e O qc1
20. Watershed or subarea T ot T, (add 1’t tn steps 6, L1, and 19) ..... . hr 5 =

Figure 3-2.—Worksheet 3 for example 3-1.
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Chapter 4: Graphical Peak Discharge method

This chapter presents the Graphical Peak Discharge
method for computing peak discharge from rural and
urban areas. The Graphical method was developed
from hydrograph analyses using TR-20, *“Computer
Program for Project Formulation—Hydrology” (SCS
1983). The peak discharge equation used is

Qp = quAmQFy (Eq. 4-1]
where
(p = peak discharge (cfs); .
(u = unit peak discharge (csm/in);
Apn = drainage area (mi2);
Q = runoff (in); and
Fy = pond and swamp adjustment factor.

The input requirements for the Graphical method are
as follows: (1) T¢ (hr), (2) drainage area (mid). (3)
appropriate rainfall distribution (1, 1A, I1, or I11), (4)
24-hour rainfall (in), and (5) CN. If pond and swamp
areas are spread throughout the watershed and are
not considered in the T, computation, an adjustment
for pond and swamp areas is also needed.

Peak discharge computation

For a selected rainfall frequency. the 24-hour rainfall
(P) is obtained from appendix B or more detailed
local precipitation maps. CN and total runoff (Q) for
the watershed are computed according to the
methods outlined in chapter 2. The CN is used to
determine the initial abstraction (1) firom tuble 4-1.
1JP is then computed.

IT the computed 1 /P ratio is outskle the range shown
in exhibit 4 (4-1. 4-1A, 4-11, and 4-111) for the yamnfall
distribution of interest, then the limitimg value
should be used. If the ratio falls between the limiting
values, use linear interpolation. Figure 4-1 illustrates
the sensitivity of I,/P to CN and P.

Pealc discharge per square mile per inch of runoff
(qy) is obtained from exhibit 4-1, 4-1A. 4-11, or 4-111
by using T, (chapter 3). rainfall distribution type. and
[/P ratio. The pond and swamp adjustment factor is
oblained from table 4-2 (rounded to the nearest table
value). Use worksheet 4 in appendix D) to aid n
computing the peuak discharge using the Graphical
method. ‘

UNCONTROLLED When Printed

N ; N T nou ¥
Tavafall (P), tnches
Figure 1-1.—YVariation of 1/’ for I’ and CN.
Table 1-1.—1, values for runoff curve numbers
Curve 1, Curve . I,
number (in) number (in)
40 3.000 i) . U837
41 2878 71 0.817
42 2.762 2 0.778
43 2.651 3 0.740
4 2545 74 0.703
45 2 444 5! 0.667
46 24K 6 0.632
47 2255 T 0,597
4R 2.167 ™ 0.504
49 202 Ry 0.532
o 2000 XN 1).50)
al 1.2 ba 0.469
2 1.346 2 0.439
53 1.774 =3 0.410
S 1.7 84 0.391
5% 1636 85 0.353
506 1.571 =i 0.:326
37 1.509 K 0,299
H8 1448 QR 0.273
Y] 15390 RY 0.247
G0 a3 ) 0.222
61 1.279 0] (.198
62 1.224 02 0174
63 1.175 93 0.151
S 1.125 a4 0128
65 1077 95 0.105
(KN 1.020 6 00833
Gy 0.09%5 a7 0.0452
6% 0.441 T 0.1
(B [ ]
4.1
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Table 1-2.—Adjustment factor (Fp) for pond and swamp Example 4-1
areas that are sprend throughout the watershed

Percentage of pond and swamp areas Fn Compute the 25-veur peak discharge for the 250-acre
0 1.00 watershed described in examples 2-2 and 3-1. Figure
02 0.97 4-2 shows how worksheet 4 is used to compute ap as
1.0 _ 0.87 345 cfs.
3.0 0.75
5.0 0.72

Limitations

The Graphical method provides a determination of
peak discharge only. If a hydrograph is needed or
watershed subdivision is required, use the Tabular
Hydrograph method (chapter 5). Use TR-20 if the
watershed is very complex or a higher degree of
accuracy is required.

o The watershed must be hydrologically
homogeneous, that is. describable by one CN.
Land use, soils, and cover are distributed
uniformly throughout the watershed.

¢ The watershed may have only one main stream or,
if more than one, the branches must have nearly
equal T,.'s.

+ The method cannot perform valley or reservoir
routing.

e The F, factor can be applied only for ponds or
swamps that are not in the T, flow path.

o Accuracy of peak discharge estimated by this
method will be reduced if I,/P values are used
that are outside the range given in exhibit 4. The
limiting [,/P values are recommended for use.

e This method should be used only if the weighted
CN is greater than 40.

« When this method is used to develop estimates of
peuak discharge for both present and developed
conditions of a watershed, use the same procedure
for estimating T.. '

e T¢ values with this method may range from 0.1 to
10 hours.

UNCONTROLLED When Printed
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Worksheet 4: Graphical Peak Discharge method

Heovew\J AC res

Project

By P M pate \0)isles

Locatfon Dyer Coau- -\-L Tennessce

Checked 7(1"{ ‘Dater [0!!1)85'

Circle one: Preseat { Developed

1. Data:

Drainage area .......... Am -

0.39
‘Runoff curve number .... CN = 715

mi? (acres/640)
(From worksheet 2) F'u3ur: 2-6

Time of concentration .. T = |-53 hr (From worksheet 3)) F:Naurc_ 3-2

Rainfall distribution type = J- (1, 1a, 11, III)
Pond and swamp areas spread i 2
throughout watershed ...... = - percent of Ay (= — acres or mi“ covered)
Storm #1 | Storm #2 | Storm 73
2. FrequUEeNnCY .cececcessnscosesoncoscnsrasans yr 25
3. Rainfall, P (29-houT) teerecsnsscscssccacs in 6'0
4, Initial abstraction, 1. .eeeeseecsccecosse in | O 6677
(Use CN with table 4-1.)
Sc Compute Ia/P @00 e sressssssscstssesasains o."
6. Unit peak discharge, q ..... ceerasssanss CSM/inN 270
(Use T_ and 1_/P with exhibit 4-J1 )
7. RUNOEE, Q vevavvenernns et reienienes .. in | 3.28
(From worksheet 2). Flaurﬁ. 2-b ’
8. Pond and swamp adjustment factor, F_ ... - O

(Use percent pond and swamp area
with cable 4-2. Factor is 1.0 for
zero percent pond and swamp area,)

9. Peak discharge, qp
(Where aQp * quAmQFp)

cfs 3 L+5

Figure {1-2.—Workshect | [or example -1
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Exhibit 4-1: Unit peak discharge (q,) for SCS type I rainfall distribution

Time of concentration (T.), hours
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Exhibit 4-1A: Unit peak discharge (q ) for SCS type IA rainfall distribution

Time of concentratibn (Tc), hours
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'Exhibit 4-11: Unit peak discharge (q,) for SCS type II rainfall distribution
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xhibit 4-11T: Unit peak discharge (q,) for SCS type II1 rainfall distribution
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DESIGN VERIFICATION

Project Title O3F4 [ Ye=t; Dut Closov~e. | PN 75?/..%;:

Description 5_{:,““““% sl QQCQH:C#%S ID Number 52(4/9 4344
corloetion oy A Closace, EDS No. A/A

- Date §-425 |

ESC Design Engineer
Ml els eolen J. Sowoc /S /0n)

METHOD OF VERIFICATION
Same Calculation Method )(
Alternate Calculation

Calculation Description Sr%’ ZLF {WEL 'ﬁné &9! D[WL&

Manual @ N ﬁl.![:roﬂ CaLCS.

Computer Software Used- Y @ Rev Vers
Title Date
: . EEE————

=
" Design Review @ N Performed by _ LNLL [YIOOLE

S —
Qualification Test Y @

-

Rationale for Method Chosen (Include Relative Importance/Risk)

Rovives Apequate CHECE AuD CoRESPpe To THE.
ERTIONALE. A;Lo METhaD Jotp BY THE 1755@_/ FUGINEESR.

Reference Documents Used

UeBA Mneotow ol St U SHeps( T2 55)

= - —= R R N T Rt ey

Verification Results C C E,P ?ﬁ BLF/
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DESIGN VERIFICATION

Project Title % g’l aJB‘S‘ré \)ﬂ‘!TW

Verifier M/LL, m00ﬂ6 Date 8‘8—9‘5

Evaluate the Following Items:

1. Were the design inputs correctly selected?

2. Are the assumptions adequately described and reasonable?

3. Where necessary, are the assumptions identified for
subsequent reverification when the detailed design
activities are completed? ,

4. Was an appropriate design method used?

5. Were the design inputs correctly incorporated into t
design?

6. Is the design output correct?

7. Are the necessary design input, output, and verification

requirements for interfacing organizations specified

the design documents, supporting procedures or instructions?

8. Are computer programs identified and verified?
9. Were calculation results correct and complete?
10. Were alternate design interpretations considered?

11. Are quality requirements and/or acceptance criteria
adequately identified in the design package?

12. Does the design comply with quality requirements and
acceptance criteria?

]
~
z

he

in

e e S

Comments

Results Acceptable @ N Data Attached @ N

Page 2 of 2
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APPENDIX B
GROUT PLUG CALCULATIONS
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APPENDIX C
REECo ERS FIELD NOTES & DAILY REPORTS
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY
ENVIRONMENTAL REMEDIATION SECTION

U-3fi WASTE UNIT CLOSURE
DAILY REPORT - DAN TOBIASON

DATE: September 5, 1995

PERSONNEL ON SITE:

Dan Tobiason

Jeff Smith

Neil Campbell

Bob Garcia

Louis South

Jesus Monje

Paul Ketchell

MILESTONES/PROGRESS:

L Initial site mobilization. Removed all debris from in and around
exclusion zone. Site control fencing and signs, and exclusion zone
fence were installed. Construction vehicle parking area was roped off.

° Holes were cut into well head cover. These holes allow for insertion of
sand, grout, and dust suppression hoses. :

PROBLEMS :

° No problems were encountered.

Page 1 of 1
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY
ENVIRONMENTAL REMEDIATION SECTION

U-3fi WASTE UNIT CLOSURE
DAILY REPORT - DAN TOBIASON

DATE: September 6, 1995
PERSONNEL ON SITE:

Dan Tobiason Frank Eck
Jeff Smith Willie Chesser
Neil Campbell ‘
Bob Garcia

Louis South

Jim Holley

Joe Leeming

WiTlliam Hodges

MILESTONES/PROGRESS:

. Health and Safety Plan briefing was held at Neil Campbell’s office. All
- personnel signed Declaration of Understanding.

° Approximately 150 cubic feet of 20/40 sand was poured into the well.
The sand was tagged at 179 feet at the center of the hole and 178.5 feet
at the edge of the hole. These depths indicate that the sand only
lifted 1 foot. It was determined that since the material at the bottom
of the hole was not uniform, the sand worked its way into the
interstitial spaces before filling the bore hole. Discussion with REECo
project manager, ERS section chief, RSN inspector, and REECo
construction superintendent approved the addition of more sand. An
additional 150 cubic feet of 20/40 sand was poured into the hole. The
sand was then tagged at 173 feet at the center and 173.5 feet at the
edge. This indicated approximately 6 feet of sand in the hole.

° Grouting operations commenced with the emplacement of apprbximate]y 4
cubic yards of grout. The grout was tagged at 168.5 feet. This
indicates a grout thickness of approximately 6 feet. Operations were
concluded for the day to allow grout set up time of 24 hours.

PROBLEMS:

o No problems were encountered.

Page ‘1 of 1
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY
ENVIRONMENTAL REMEDIATION SECTION

U-3fi WASTE UNIT CLOSURE
DAILY REPORT - DAN TOBIASON

DATE: September 7, 1995
PERSONNEL ON SITE:

Dan Tobiason Frank Eck

Jeff Smith Herb Stewart

Neil Campbell Joe Auyer

Bob Garcia David Clark

Louis South

Jim Holley

Don Cox

MILESTONES/PROGRESSﬁ

° Tailgate Safety Briefing was conducted on site. Al1l attendees signed

briefing form.

° Grout was tagged at 168 feet prior to pouring additional grout. A total
of 12 cubic yards of grout was then poured into the hole. After
pouring, the grout was tagged at 158 feet. Including the grout poured
on September 6, 1995, this gives a total grout plug thickness of 15

feet.
PROBLEMS:
° No problems were encountered.

Page 1 of 1
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY
ENVIRONMENTAL REMEDIATION SECTION

U-3fi WASTE UNIT CLOSURE
DAILY REPORT - DAN TOBIASON

DATE: September 11, 1995
PERSONNEL ON SITE:

Dan Tobiason Frank Eck

Neil Campbell Joe Leeming

Bob Garcia Mike Powers

Louis South

Jim Holley

MILESTONES/PROGRESS:

° Tailgate Safety Briefing was conducted at Neil Campbell’s office. All

attendees signed briefing form.

° Hole was tagged at 158 feet. Approximately 1863 cubic feet (4 truck
loads) of NTS fines sand was poured into the hole. The hole was then
tagged at 87 feet. This gives a total sand column of 71 feet.

PROBLEMS:

° There was a problem with getting sand loaded onto the trucks. This
resulted in a total delay of 2 hours. The trouble was attributed to the
Area 1 Shaker Plant where the trucks were loaded. Since the plant had
been unused for some time, excess material was plugging the pipes.
Otherwise there were no problems.

Page 1 of 1
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY
ENVIRONMENTAL REMEDIATION SECTION

U-3fi WASTE UNIT CLOSURE
DAILY REPORT - DAN TOBIASON

DATE: September 12, 1995

PERSONNEL ON SITE:

Dan Tobiason Frank- Eck
Neil Campbell Joe lLeeming
Bob Garcia Mike Powers
Louis South Jose Avila
Jim Holley

MILESTONES/PROGRESS:

] Tailgate Safety Briefing'was conducted at Neil Campbell’s office. All
attendees signed briefing form.

] Hole was tagged at 87 feet. Approximately 982 cubic feet (1 1/2 truck
loads) of NTS fines sand was poured into the hole. The hole was then
tagged at 51 feet. This gives a total sand column of 107 feet.

L A total of 54 cubic yards (9 truck Toads) of grout was poured into the
hole. The hole was tagged at 6 feet below ground surface. This gives a
total grout column of 45 feet.

PROBLEMS:

L No problems were encountered.

Page 1 of 1
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY
ENVIRONMENTAL REMEDIATION SECTION

U-3fi WASTE UNIT CLOSURE
DAILY REPORT - DAN TOBIASON

DATE: September 13, 1995
PERSONNEL ON SITE:

Dan Tobiason Mike Powers
Neil Campbell Gabriel Kline
Jim Holley John Donahue
Merle Cromwell Bobby Witt
Willie Chesser D.G. Miller
MILESTONES/PROGRESS:

L 2 Tailgate Safety Briefing was conducted at Neil Campbell’s office. All
attendees signed briefing form.

° The hole was filled with 8 cubic yards of concrete to approximately 6
inches below rim of casing. Survey monument was placed and centered on
casing.

° Fencing, gate, posts, and cover were removed.

° Concrete forms were set and centered around hole and squared to North.

PROBLEMS:

° No problems were encountered.

Page 1 of 1
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY
ENVIRONMENTAL REMEDIATION SECTION

U-3fi WASTE UNIT CLOSURE
DAILY REPORT - DAN TOBIASON

DATE: September 14, 1995
PERSONNEL ON SITE:

Dan Tobiason Arlen Rogers Louis Washington
Neil Campbell Gabriel Kline Scott Woolsey
Jim Holley Lure James Gary Olson
Bobby Witt Louis South Robert Rogers .
D.G. Miller ‘ Charlie Smith Richard Olson
Bill Neal Fred Benabise

MILESTONES/PROGRESS:

® Tailgate Safety Briefing was conducted at the job site. Al1l attendees
signed briefing form.

L RSN Survey located fence boundaries and placed brass survey marker in
top of monument.

° Wire mesh was placed inside forms prior to pouring concrete.

e  Approximately 9 cubic yards of concrete was poured for the pad. The pad

was leveled, finished, and sealant was applied.

° Fence Tines were laid out and post locations were marked for
installation of fencing.

PROBLEMS:

® No problems were encountered.

Page 1 of 1
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APPENDIX D

INDEPENDENT ENGINEER'S NIS DAILY RIG
OPERATIONS REPORTS
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FROM:RSN NTS , T0: 202 794 5559 €T° 7, 1995 11:36AM HI64 P.@4

(
Raytheon Services Nevada | . Page_3 of 3
Nevada Test Site Daily Rlg Operations '
: : Dete: T‘mo: ' - | Initiats:
Thursday 09/07/95 0700 Hrs. JCH
Station: Rig: ' | User:
U-37i - DOE
Present activity: Bit size: Total depth; ROP: (ft/hv) RPM:
No Activity
Drifled: ' Weight on bit: ,
in Hrs. From to : K CFRMat____ pgl
Surveys: No. of comp. | Using: Type fluld:
on loc;
GPM in: GPM olit: Last casing size: | Dopth: Hole Program total depth:
72"-74" 232’
e — N — R — et —
Time Log: '

1.0 Hrs., - Health and safety meeting.

1.0 Hrs. - Rig up RCS.

0.5 Hrs. - RCS blowing 150 ft® of 20/40 sand down hole; top of waste at 180°,
top of sand at 179°, with tag line at 1010 hours.

2.5 Hrs. - Wait on 20/40 sand from RCS.

0.5 Hrs. - RCS blowing 150 ft® of 20/40 sand down hole from 179" to 173°. Tag
with tag line at 1320 hours.

0.5 Hrs. - RCS cementing with 108 ft* of HTHSG (cc-1) from 173" to 169°. Cement
in place at 1400 hours. Tag with tag line.

- 18.0 Hrs.- No activity.

UNCONTROLLED When Printed
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(
Raytheon Services Nevada Page _2__of__ 6

—

Nevada Test Site Daily Rig Operations

Day: Date: Time: Initials:
Monday 09/11/95 0700 Hrs. | - JCH
Station: ) Rig: i . User:
U-3fi : _ DOE
Present activity: Bit size: Total depth: ROP: (tt/hv) RPM:
' Waiting on Cement
Oriled: Weight on bit:
in Hrs. From to K CFM at PSI
Surveys: No. of comp. | Using: Type fluid:
on loc:
GPM in: GPM out: Last casing size: Depth: Hole Program totai depth:
72" - 74" 232"
Time Log:

FRIDAY. - 09/08/95 - 0700 Hrs.

Waiting on cement. Run tag-line to top of cement at 168" .

~

o

I

-3

(7]
)

Safety meeting. RCS cementing with 324 ft3 of HTHSG (cc-1) from

—

o

I

-3

. (%]
[

168" to 158': cement in place at 1540 hours. Tag with tag ‘

line; top of cement at 158" .

15.0 Hrs.- Wait on cement.

UNCONTROLLED When Printed
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/ ¢

Raytheon Services Nevada . Page 3 _of _4
Nevada Test Site Dally Rig Operations
Dey: Date: ) Time: Initials:

Tuesday 09/12/95 0700 Hrs. JCH

: Rig: User:

U-3fi , , DOE

Present activity: ' Bit aze: Total depth: ROP: (f/hr) RPME
No Activity .
Dritied: v ’ Weight on bit:
in Hrs. From to K CFM at . PSI
Surveys: | No. of comp. | Using: Type fluid:
| onloc:
GPM in: GPM out: Last casing size: . | Depth: Hole Program tota.l depth:
72" - 74" 232 '

Time Log:

3.0 Hrs. - Safety meeting. Wait on NTS fines stemming material. Run tag

line to top of cement at 158°.

0.5 Hrs. - Stemming with NTS fines - 40.000 1bs: run tag line to top of sand
at 143".

1.5 Hrs. - Wait on stemming sand.

2.5 Hrs. - Stemming with NTS fines - 146.440 1bs: run tag line to top of

sand at 87°.
3.0 Hrs. - Wait on stemming sand.
13.5 Hrs.- No activity.

Total NTS fines used 09/11/95: 186.440 1bs.

UNCONTROLLED When Printed




. RSN 240 2/62)

( )
Raytheon Services nevada . Page_ 3 _of 5

—

Nevada Test Site Daily Rig Operations

Oay: Date: Time: ) Initials: A
Wednesday 09/13/95 , 0700 Hrs. JCH
Station: -

Rig: - User:
U-3f] | - DOE
Present activity: ) Bit size: Total depth: ROP: (t/hr) RPM:
No Activity
Dxilled: Weight on bit: 4
in Hrs. From to K — CFRMat__ - PSI
Surveys: No. of comp. | Using: Type fluld: ‘
on loc:
GPM In: GPM out: Last casing size: Depth: Hole Program total depth:
72" - 74" 234° '
Time Log:’ '
1.5 Hrs. - Safety meeting. Run tag line to top of sand at 87", ‘
1.0 Hrs. - Stemming 72" casing with NTS fines (sand). From 87" to 51" used

98,262 1bs. of sand. Run tag line to top of sand at 51°.

1.5 Hrs. - Wait on grout from Area 12.

Grout inside of 74" casing from 51° to 6  with 1458 ft3 of

4.5 Hrs. -
HTHSG (cc-1). Cement in place at'1525 hours.
15.5 Hrs.- No activity. .

UNCONTROLLED When Printed



o
Raytheon Services Nevada

Nevada Test Site Daily Rig Operations

Page 2 of

Day: Date: Time: inttials:
Thursday 09/14/95 0700 Hrs. JCH
Station Rig: User:
U-3fi DOE
Present activity: Bit size: Total depth: ROP: /) RPM:
No Activity
Dxlited: ] Weight on bit:
in Hrs. From to K CFM at PSI
Surveys: No. of comp. | Using: Type fuid:
on loc:
GPM in: GPM out: | Last casing size: Depth: “Hole Program tow depth:
12" - 74" 232’
Time Log: '
0.5 Hrs. - Safety meeting.
0.5 Hrs. - Grout inside of 74" casing with REECo red mix - used 179 ft* from
6" to G.L. Cement in place at 1050 hours. NOTE: Per Mr. Kudak,
it is acceptable to use REECo red mix.
1.0 Hrs. - Set in marker pedestal.
22.0 Hrs.- No activity.

UNCONTROLLED When Printed
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Raytheon Services ( Jvada al Page __1 2
Nevada Test Site Dally Rig Operations
Day: » Date: ' Time: Initials:
Monday 09/18/95 0700 Hrs. JCH
Station: Rig: ' User:
U-3fi ~ DOE
Present activity: Bit size: Total depth: ROP: {ft/hr) RPM:
No Activity
Drilled: Weight on bit:
in Hrs. From to K CFM at PSI
Surveys: No. of comp. | Using: Type fluld:
on loc:
GPMin: GPM out: Last casing size: Depth: Hole Program tota! depth:
72" - 74" 232"
Time Log: ‘ ’
FRIDAY - 09/15/95 - 0700 Hrs.
5.0 Hrs. - Build form around well and pour cap over well. Used REECo 9 cy’

of REECo Redi-Mix. Marker pedestal 4" 1-1/2" above cement. pad. -

19.0 Hrs. - No activity.

RSN 240 {2/92)

UIN




APPENDIX E

DRY MATERIALS BATCH WEIGHT CERTIFICATIONS
AND MATERIAL WEIGHT SHEETS
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FROM:RSN NTS

TO:RSN A-1 DRILLING MAY 9. 1995 4:12PM 4319 =&,

HOLE: /AT A~ 7

DATE: /‘Z/é/'/fl-s

Mnxruée DESIGN: _ 45 7 A4S o Q/CQ\ -/ TRUCK NO.:
=7 i{/

BATCH SIZE (FT'): __/4 2 TEAR
CHEM. COMP POUNDS
TYPE Il POUNDS
W-80 POUNDS
FLY ASH POUNDS
A1 CONCRETE SAND POUNDS
D-19 POUNDS
PLASTIMENT 7 POUNDS
MIX TIME 10D HOUR / DATE
WEIGHT/GAL /i 2 POUNDS
GROUT TEMP 77 of
WATER 4 Z BARRELS
ICE #ﬂ@_ POUNDS

WES REPRESENTATIVE

USAE Waterways Experiment Stalion, CE
Concrete Laboratory * Grouting Branch
P. O Box 700

Mercury, Novada 89023

Raytheon Sowvices chada
P. O. Box 328

Mail Stop 605

Mercury, Nevada 89023

UNCONTROLLED When Printed




FROM: RSN NTS TOIRSN A-1 DRILLING

MAY 2. 18995 4:i2PM 4319 =

WOLE: ) 5~ 2=

DATE: Mi

MIXTURE DESIGN; __ "7 X 55 Qﬂ’c) /  TRUCK NoO.:
BATCH SIZE (FT): __/ & = CTEAR
CHEM COMP POUNDS
TYPE I POUNDS
w-60 L POUNDS
FLY ASH POUNDS .
A1 CONCRETE SAND POUNDS '
D-18 POUNDS
PLASTIMENT /%4 POUNDB—Gr /
MIX TIME 5L /5 HOUR | DATE
WEIGHT/GAL e L2 2 POUNDS
GROUT TEMP -y~
WATER ... /X _  BARRELS
ICE I POUNDS
o / / /
WES REPRESENTATIVE . veRIFIED BY — .
USAE Waterways Experiment Station, CE Raythaon Services Novada
Concrete Laboratory ¢ Grouting Branch P. 0. Box 328
. O. Box 700 Mail Stop 605

Mercury, Novada 83023 yNCONTROLLED When PHAteg Nevada 89023




TOIRSN R-1 DRILLING MAY 2. 1935 4:ri2PM 5312 =

FROM:IRSN NTS

woLe: ) T/~ Z  DATE: /fé? /Z_é_
MIXTURE DESIGN: ﬁ/f’f/%jé‘—c@@—) /TRUCK NO.:

BATCH SIZE (FT): ___Jb = ' TEAR
.CHEM COMP POUNDS
TYPE Il - POUNDS
W-60 POUNDS
FLY ASH POUNDS
A1 CONCRETE SAND POUNDS
D-19 | POUNDS
PLASTIMENT POUNDS

MIX TIME AT = HOUR J DATE

WEIGHT/IGAL 74 /= POUNDS
GROUT TEMP -1 4P R .

WATER B ﬂ____~§ BARRELS

ICE : éé)@ POUNDS

WES REPRESENTATIVE

USAE Waterways Experiment Stalion, CE : Raythaoon Services Novada
Conciete Laboralory * Grouting Branch P. O. Box 328
P. O Box 700 Mall Stop 805

tAercury, Novada 89023 UNCONTROLLED When PrM‘f@fﬂp"- Nevada 89023




FROM: RSN NTS TO:RSN A-1 DRILLING MAY S. 1995 4:12PM H319 F

WoLE: ) T /— - DATE: M

MIXTURE DESIGN; ééé A 5 (e 4 éCCZ / TRUCK NO.:

BATCH SIZE (FT'): /b 2 — TEAR

CHEM COMP  POUNDS

TYPE I | POUNDS

w0 POUNDS

FLY ASH POUNDS

A1 CONCRETE SAND ____ POUNDS

D-19 POUNDS

PLASTIMENT | (//4// Wé?—y/

' MIX TIME L Q HOUR / DATE

WEIGHT/GAL //7j_\pounos

GROUT TEMP B °F

WATER , _ } BARRELS

ICE FBcxp  POuNDs

WES REPRESENTATIVE VERIFEDS BY

USAE Waterwdys Experiment Station, CE Raytheon Services Nevada
Concrete Laboralory e Grouling Branch P. 0. Box 328

. O Box 700 Mall Stop 605

" Mercury, Novada 89023 erepry. Nevada 89023

UNCONTROLLED When Prirhfte




SROM: RSN NTS TG:PSN 2-1 DRILLING MARY S. 1295 4ri2Pm 8312 - =

. — . _C
HOLE: /S . T, — 7 o DATE: /?) ,/,5— }Q}/
MIXTURE DESIGN: it 2 S/~ C fez-] ) tRuck No.

o —
BATCH SIZE (FT‘):ﬁ/é7 TEAR
CHEM COMP POUNDS
TYPE I . POUNDS
W-60 . POUNDS
FLY ASH POUNDS
A1 CONCRETE SAND POUNDS
D-19 POUNDS

PLASTIMENT _m___,_,747/§; W

MIX TIME L ;4'4 2S5 HOUR / DATE
WEIGHTIGAL o S 7 Z— POUNDS
GROUT TEMP —__ B CF

<2 — BARRELS

WATER

ICE 27>  POUNDS

WES REPRESENTATIVE TRz o 4v
USAE Waterways Experiment Siation, CE Raythaon Sorvlces Novada
Concrete Laboratory ¢ Grouting Branch P. O. Box 328
P.O. Box 700 Mall $.top 605

tercury, Nevada 89023 UNCONTROLLED When PnM“éﬂ”’Y Nevada 89023




TO'RSN A-1 DRILLING MAY 9. 1995 4:17PM 5319

FROM: RSN NTS

WOWE: _ ) </~ 2 o

/
MIXTURE DESIGN: - QZ 7 S (5 Qécé) /  TRUCK NO.:

BATCH SIZE (FT*): /é&#‘ _TE AR

CHEM COMP POUNDS

TYPE Il . POUNDS

W-80 ' " POUNDS

FLY ASH POUNDS '
A1 CONCRETE SAND POUNDS

D-18 . POUNDS

PLASTIMENT ' ~£ ROUNDE &2 /

MIX TIME 452 ©S HOUR/DATE

WEIGHTIGAL _ ____*7/ 7. > POUNDS
GROUT TEMP @ °F '
WATER 0.5 BARRELS ey
ICE SO POUNDS
/2%/
g
WES REPRESENTATIVE VERIFIED DY .
USAE Waterways Experiment Stalion, CE Raylhaon Services Novada
Concrete Laboralory « Grouting Branch P. O. Box 328
P. O. Box 700 Mall Stop 605

tercury, Nevada 89023 UNCONTROLLED When PriMtedy. Nevada 89023




FROM: RSN NTS i0'RSN A-1 DRILLING MARY 9. 1995 4:1RPM K312 =

VTan:
233 i wwﬁW@wmmAw A Fpened
w.“'?: “’:’5 AR IRE N AGAEA AN -w»«mnt

ijIOLE: LT 7 ) | DATE: ?//7/

MIXTURE DESIGN: Wfé?f/c ' / TRUCK NO.:
7 = —

BATCH SIZE (FT'): //é L : _TEAR
CHEM COMP POUNDS
TYPE Il POUNDS
W-80 POUNDS
FLY ASH POUNDS
'A1 GONCRETE SAND POUNDS
D-19 POUNDS

t PLASTIMENT -/ _//4/ ‘PGU-NBS"/é-‘ﬂ /

MIX TIME L 4'22‘/ Zﬁ HOUR / DATE

WEIGHT/GAL [ 2. 22— POUNDS
GROUT TEMP _,__“._729_ °f
WATER . 7/{@&3 BARRELS
ICE ____AX>  POUNDS
———
WES REPRESENTATIVE VERIFIED BY .
US‘\E‘Wat‘erWdys Experiment Station, CE Raytheon Sorvices Novada
Concrete Laboratory ¢ Grouting Branch P. O. Box 328
P. O.Box 700 Mall Stop 605

Mercury, Novada 89023 UNCONTROLLED When Ptinatedy, Nevada 89023




UTRSN AL DRTLLING MAY 3. 1995 4:ii?FPM 52319 =

FeUME RSN NS

Houe )7 /= T < DATE: Z//Z ,/EJ
MIXTURE DESIGN: /77 &t 5 & g(ch [ TYRUCK NO.:
BATCH SIZE (FTY): ,/{Z"# _TEAR
CHEM COMP POUNDS
TYPE Il - POUNDS
W-80 | POUNDS
FLY ASH POUNDS
A1 CONCRETE SAND POUNDS
D-19 POUNDS
PLASTIMENT 227 pounps— G- —
MIX TIME //J” 2 HOUR ! DATE
WEIGHT/GAL 2.2 POUNDS
GROUT TEMP - -
WATER‘ o %ij BARRELS
ICE ___sar POUNDS
S
)
WES REPRESENTATIVE v?ﬁ'{_ﬁleo DY -~
USAE Waterways Experiment Station, CE ~ Raytheon Services Novada
Concrete Laboratory ¢ Grouling Branch : P. Q. Box 328
P.G. Box 700 Mall Stop 605

tercury, Novada 89023 yNCONTROLLED When Priffféd™: Nevada 89023

Dy



FROM: RSN NTS TO:RSN A-1 DRILLING MAY 2. 1935 4:19PM  u5319 -

DATE: 242(/? =l

HOLE: (/ 3,7-Z

MIXTURE DESIGN: /-7 A5 (5 & /C‘r_/\ /) TRUcK NO:

BATCH SIZE (FTY): __. /&6 = - TEAR
CHEM COMP POUNDS
TYPE Ii POUNDS
W-60 POUNDS
FLY ASH POUNDS
A1 CONCRETE SAND POUNDS
D-1% POUNDS
PLASTIMENT / //7/ Powas—ef—*z/

MIX TIME /%5 HOURIDATE

WEIGHT/GAL 4 2 2\ POUNDS
GROUT TEMP 5 °F
WATER o /—Q«B BARRELS
ICE _A0KD.  POUNDS
WES REPRESENTATIVE VERIFIED DY
USAE Waterways Experiment Station, CE Raytheon Sorvices Novada
Concrete Laboralory ¢ Grouling Branch P. O. Box 328
P. 0. Box 700 Mall Stop 605

Mercury, Novada 89023 yNCONTROLLED When Priff¥éyyy. Nevads 89023




FROM: RSN NTS T0:RSN A-1 DRILLING MAY 3. 1995 4:12PM 5319 F

Hoe: ST e—2 - DATE: ?//og/ff

MIXTURE DESIGN: &7 &~ 5 (& (. fc\T/ TRUCK NO.:

"
BATCH SIZE (FT): /,4 = _TEAR
CHEM COMP POUNDS
TYPE I ——— POUNDS
W-80 ” POUNDS
"FLY ASH | | POUNDS
A1 CONCRETE SAND POUNDS
D19 | POUNDS

PLASTIMENT —-~———-~—,Z,%/ pounss— 22

I —— so—
| MIX TIME ."5/0 HOUR/DATE
WEIGHT/GAL %_7/7 =7 POUNDS
GROUT TEMP _ S °F
WATER m_@j BARRELS
ICE B0 POUNDS

WES REPRESENTATIVE

USAE Waterways Experiment Stalion, CE Raytheon Sorvices Novada
Concrele Laboralory ¢ Grouling Branch P. O. Box 328

P."O. Box 700 Mall Slop 605

Mercury, Nevada 89023 fiwercury. Nevada 869023

UNCONTROLLED When Printed




TO'RSN R~-1 DRILLING MAY S. 1995 4:12PM 43192 ¢

FRUM: RSN NTS

s AT MM(YN’V‘ YA AT AN A B el it
5 ;;‘;.Q:.".“’zmwtm. Il Sirigh :«w\» AL ‘e

e £ 4:, .««x L
n«mnw

.‘ SR .' ?f.’*’!-‘n""dn" Ry

HOLE: )37 'DATE: 9/2/f‘§

MIXTURE DESIGN: _4F~* 74 A (< CQ—I TRUCK NO.:
BATCH SIZE (FT*): // L= - ' i TEAR
CHEM COMP . POUNDS
TYPE Il : ~ POUNDS
W-60 POUNDS
FLY ASH POUNDS
A1 CONCRETE SAND ' POUNDS
D-19 : POUNDS

PLASTIMENT / /94 ~POUNDS— 611/

MIX TIME A7 eE HOURJ DATE

Ay . .

WEIGHT/GAL . POUNDS

GROUT TEMP N S
WATER — //%” BARRELS

IcE £ .  POUNDS

WES REPRESENTATIVE

USAE Waterways Experiment Station, CE Raylhaon Services Novada
Concrete Laboralory ® Grouting Branch P. O. Box 328

P. 0. Box 700 Mall Stop 605
Mercury, Nevada 89023 Mercury, Nevada 89023

UNCONTROLLED When Printed




0

LU-KSN R-1 DRILLING MAY 1885 4:12PM =319 =

CONG U INDHNY

HOLE: ) F £~ Z2 e DATE: %V/}’S

MIXTURE DESIGN: _/7“7 4 7 & C  (Cc)) /| TRUCK NO.:

BATCH SIZE (FT): /6 =z _ i_ TEAR
CHEM COMP POUNDS
TYPE || . POUNDS
w-80 & POUNDS
FLY ASH _ POUNDS
A1 CONCRETE SAND POUNDS
D18 . POUNDS

PLASTIMENT MW# W@/

MIX TIME 2.4/ HOUR | DATE
WEIGHT/GAL — L2 —__ POUNDS

GROUT TEMP B CF
WATER — /2.7 BARRELS a/ét/
ICE &> POUNDS
Sz
) LA . 2
WES REPRESENTATIVE VERIFIED BY
USAE Waterways Experiment Station, CE Raytheon Sowvices Nevada
Concrete Laboralory « Grouling Branch P.O. Box 328
P.O. Box 700 Mall Stop 605

tercury, Novada 89023 'ecﬂy' Nevada 89023

UNCONTROLLED When Prifi




e e = e et

Reynolds Electrical & Engineering Co., Inc.

CEMENT MATERIAL WEIGHT SHEET

CONTROL NO.
- Cor ™ . ~ o 7
DATE (= 7~ 7" LOCATION _& J /= / USER
UNIT NO. /777 DRIVER _ /2. /7
FRONT TIER
SLURRY TYPE _ /X705~ . -
PRODUCT #1 siLo NO. _/J TYPE £e o WEIGHT _2_ < _¢< g
PRODUCT #2 SILO NO. TYPE WEIGHT
PRODUCT #3 SILONO. _____  TYPE WEIGHT
PRODUCT #4 SILONO. _____ TYPE WEIGHT
PRODUCT #5 SLONO. ___ TYPE WEIGHT
PRODUCT #5 SLONO. ___ TYPE WEIGHT
ADDITIVE #1 TYPE WEIGHT
ADDITIVE #2 TYPE WEIGHT
ADDITIVE #3 TYPE WEIGHT
ADDITIVE #4 TYPE WEIGHT
TOTALS CU. FT. SLURRY _J2<¢ & WEIGHT S owg
REAR TIER
25 L / |
SLURRY TYPE Yo Do
PRODUCT #t siLoNo. 27 TYPE _~ CWEIGHT 7 o <
PRODUCT #2 SILONO. ____ TYPE WEIGHT
PRODUCT #3 SILONO. ____ TYPE WEIGHT
PRODUCT #4 SILO NO. TYPE WEIGHT
- PRODUCT #5 SILONO. ____ TYPE WEIGHT
PRODUCT #5 SILO NO. TYPE WEIGHT
ADDITIVE #1 TYPE WEIGHT
ADDITIVE #2 TYPE WEIGHT
ADDITIVE #3 TYPE, WEIGHT
ADDITIVE #4 TYPE WEIGHT
TOTALS CU. FT. SLURRY __/ " J WEIGHT _/i~ ¢ &
TIME STARTED
TIME ENDED
| v
BATCH NO'S. L L L
i (3 - )
BULK PLANT OPERATOR “wiiweoooi o0
UNCONTROLMSPEAK¥M Printed

RE-2800 (4/91)




DIRSE L,

5 G NN M S AP AT v e o

VAN L ] e N ey

CONTROL NO.

DATE & -3 /- 9'5

Reynolds Electrical & Engineering Co.,Inc.

'CEMENT MATERIAL WEIGHT SHEET

L

e

LOCATION _(t 2 F f USER e

UNIT NO. é‘?/fﬁ:‘/s’/’?é)

PRODUCT #1
PRODUCT #2
PRODUCT #3
PRODUCT #4
PRODUCT #5
PRODUCT #5
ADDITIVE #1
ADDITIVE #2
ADDITIVE #3
ADDITIVE #4

 TOTALS

OTALS Mc;u FT. SLURRY
E - REAR. TIER e
“swrrvTvpe _ A THIG L ce- 1 -~
PRODUCT #1 siwonNo. _/ TYPE Chesn Copse  WEIGHT _ZFC O D
PRODUCT #2 SILONO. /7 TYPE __F /i, Ash? WEIGHT _ /< 2 &
PRODUCT #3 SILONO. 27 TYPE _ 28 /&¢ WEIGHT ‘/fJ.r"
PRODUCT #4 SILONO. <3S TYPE _JS. /o et < fwe  WEIGHT 374,5
PRODUCT #5 SILO NO. / TYPE_<& « / WEIGHT _2% % o
PRODUCT #5 SILONO. TYPE WEIGHT e \
ADDITIVE #1 — TYPE WEIGHT . \
ADDITIVE #2 TYPE _ PR -/Z WEIGHT __ /9 ]
ADDITIVE #3 TYPE WEIGHT ' /
. ADDITIVE #4 TYPE S WEIGHT
s - . ¥ //
TOTALS — =~ CU. FT. SLURRY _/ (2 WEIGHT _ /5 ‘gdf P
e e
‘ TIME STARTED - '
TIME ENDED
| BATCH NO's. __ 7+ /©
BULK PLANT OPERATOR // ‘cyfi-
INSPECTOR

DRIVER ol ] -

URRY TYPE i//’/;{?{c C-ce =/

SoNo. /' TYPE Aen Comp WEIGHT __¥&¢é©o \
SILONO. /7 TYPE £/, Asb ! WEIGHT . /&2 <
SILONO. 2.7 TYPE */Yo WEIGHT __ Y &35
SILONO. 37 TYPE S Vicqd Floews  WEIGHT _27C5~
SILONO. &/ TYPE _Cre / WEIGHT 2z
SILONO. _____ TYPE WEIGHT _*

TYPE WEIGHT

TYPE _LO—/F —- WEIGHT __/69Q

TYPE . WEIGHT __

TYPE WEIGHT _

. R “"fg::i.'\ [y o - A
WEIGHT /S e 57 770 7

UNCONTROLLED When Printed

RE-2800 (4/91)




A T R L D S A R B A S VNG

Reynolds Electrical & Engineering Co.,Inc.
CEMENT MATERIAL WEIGHT SHEET
CONTROL NO.
o LS ‘ .
DATE _ L5/ 5 5 LOCATION & 7277 USER
UNITNO. 577 % ¥ DRIVER _ /oA
FRONT TIER
SLURRY TYPE
PRODUCT #1 SILONO. _____ TYPE WEIGHT
PRODUCT #2 SILONO. _____  TYPE WEIGHT
PRODUCT #3 SLONO. ___ TYPE WEIGHT
PRODUCT #4 SILONO. ____ TYPE WEIGHT
PRODUCT #5 SILONO. ____ TYPE WEIGHT
PRODUCT #5 SLONO. ____ TYPE WEIGHT
ADDITIVE #1 TYPE WEIGHT
ADDITIVE #2 TYPE WEIGHT
ADDITIVE #3 TYPE WEIGHT
ADDITIVE #4 TYPE WEIGHT
TOTALS CU. FT. SLURRY WEIGHT
: REAR TIER
z C/ | 9
SLURRY TYPE Y ) oo
PRODUCT #1 SILoNo. 2 7 TYPE 2 %c, WEIGHT _ /2 G o
PRODUCT #2 SILO NO. TYPE WEIGHT
PRODUCT #3 SILONO. ____ TYPE " WEIGHT
PRODUCT #4 SILO NO. TYPE WEIGHT
PRODUCT #5 SILONO. _____ TYPE WEIGHT
PRODUCT #5 SILONO. _____ TYPE WEIGHT
ADDITIVE #1 ‘ TYPE . WEIGHT
ADDITIVE #2 , TYPE WEIGHT
'ADDITIVE #3 TYPE WEIGHT
ADDITIVE #4 TYPE WEIGHT
TOTALS CU. FT. SLURRY _ 25" C WEIGHT __z 5 ok
TIME STARTED
TIME ENDED
BATCH NO'S. __ |
BULK PLANT OPERATORL%__ e
// \ .
UNCONTROLIESRAHEN Printed




R LI LI I

Reynolds' E_Iectric_ol & Enginéering Co.,Inc.
CEMENT MATERIAL WEIGHT SHEET ‘.
_ CONTROL NO. e I
DATE _F-//~S 5 LOCATION €« 2 A7 USER
initt
UNITNO. &/ 2 ¥ 7 DRIVER /& <,
FRONT TIER
SLURRY TYPE
PRODUCT #1 - SLONO. _____ TYPE WEIGHT
PRODUCT #2 SILONO. ____ TYPE WEIGHT
PRODUCT #3 SILONO. ____ TYPE WEIGHT
PRODUCT #4 SILONO. ____.  TYPE WEIGHT
PRODUCT #5 SILONO. _____ TYPE WEIGHT
PRODUCT #5 SILONO. ____ TYPE WEIGHT
ADDITIVE #1 TYPE _ WEIGHT
ADDITIVE #2 TYPE WEIGHT
ADDITIVE #3 TYPE WEIGHT
ADDITIVE #4 TYPE WEIGHT
TOTALS CU. FT. SLURRY WEIGHT
B REAR TIER -
SLURRY TYPE _ AT S e &
PRODUCT #1 SLONO. A3 TYPE_Flhe s WEIGHT 2. ©Q o oo
PRODUCT #2 SILO NO. " TYPE WEIGHT 7
PRODUCT #3 SILO NO. TYPE WEIGHT
PRODUCT #4 SILO NO. TYPE WEIGHT
PRODUCT #5 SILO NO.. TYPE WEIGHT
PRODUCT #5 SILO NO. TYPE WEIGHT
ADDITIVE #1 TYPE WEIGHT
ADDITIVE #2 TYPE WEIGHT
ADDITIVE #3 TYPE WEIGHT
ADDITIVE #4 TYPE WEIGHT
TOTALS CU. FT. SLURRY _ 22O WEIGHT _ 2 < vaac
TIME STARTED
TIME ENDED |
BATCH NO'S. 2 .
BULK PLANT OPERATOR (. =
> >
| S/ _
UNCONTROLLES¥HER-Printed

RE-2800 (4/91)




APPENDIX F
CONCRETE TESTING REPORT

UNCONTROLLED When Printed



Date Molded: 9/7 & 12/95 Time Molded: 1510,1540/1115,1235,1525
Date Received: 09/13/95 Time Stripped: BREAK DAY
Project: U3FI Area - A3
Loc of Placement: AREA3 Quantity Represented (cu yds): N/A
Specimen Made by: J. HOLLEY Batch Plant inspector: N/A
Mix #: HTHSG (CC—-1) Required Strength (psi): 3000 @ 3 DAYS
MATERIALS 7 ORIGINAL MIX DESIGN ADJUSTED MIX
CHEM COMP 30.00 PCF N/A
FLY ASH 10.00 PCF N/A
SAND 20/40 29.83 PCF N/A
SILICA FLOUR 23.25 PCF N/A
GEL 1.40 PCF N/A
PSP 0.62 PCF N/A
PLASTIMENT 0.96 FL OZ N/A
WATER 28.00 PCF N/A
| Weather: N/A
Ambient Temp. (F): N/A  Concrete Temp.(F): N/A Slump: _ N/A % Ar: N/A
Equipment Used: Dial Caliper, PTL # Y4480 Calibration Date: 04/03/95 Calibration Due: 04/03/96
Tested on Machine: Tinius Olsen, DOE 171442 Calibration Date: 02/22/95 Calibration Due: 02/22/96
Average 3 Day Strength 4010 psi Average 7 Day Strength . 32585 psi
Average 8 Day Strength N/A  psi Average 56 Day Strength N/A psi
Truck . Test Cylinder X-Sect Total Comp. Type
Load | Lab at Date Diameter (in) Area Load St. of Tested
# # Days | Tested 1 2 Avg (sq in) {ibs) {psi) | Frac. By
1.2 8291 7| 09/14/95 | 3.00| 3.00 3.00 7.07 25200 3570 | Shear | V.Thummala
2.2 8292 7| 09/14/95 | 3.00| 3.00 3.00 7.07 21200 .3000 | Columner | V. Thummala
3.2 8293 7| 09/14/95 300 3.00 3.00 7.07 | 23000 3250 | Shexr | V. Thummala
4.2 8294 7| 09/14/95 300 3.00 3.00 7.07 22600 3200 | Shear | V.Thummala
1.3 8295 3| 09/15/95 3.00| 3.00 3.00 7.07 27500 3890 Shear J. Aamodt
2.3 8296 3| 09/15/95 3.00/ 3.00 3.00 7.07 29000 4100 | Shear J. Aamodt
3.3 8297 3| 09/15/95 3.00| 3.00 3.00 7.07 28200 3990 | Shear J. Aamodt
4.3 8298 3| 09/15/95 3.00| 3.00| .3.00|° 7.07 29200 4130 | Shear J. Aamodt
5.3 - 8299 3| 09/15/95 3.00| 3.00 3.00 7.07 27800 3930 Shear J. Aamodt
6.3 8300 3| 09/15/95 3.00| 3.00 3.00 7.07 27800 3930 | Shear J. Aamodt
REMARKS: A/6 LOG # 1716 CC: J.PEDALINO R.S.N.
WITHIN __ SPECIFICATION REQUIRED STRENGTH R. HUNTER R.S.N.
G. HUDAK R.S.N.
PROJECT FILES
MTL GPP FILES
Checked by: m ﬁ/ Date: /65-3/-95 Page 1 of 1

UNCONTROLLED When Printed
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