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VIRGINIA DEPARTMENT OF TRANSPORTATION

LOCATION AND DESIGN DIVISION
DRAINAGE DESIGN MEMORANDUM

GENERAL SUBJECT:
DRAINAGE INSTRUCTIONS

NUMBER:
DDM-7

SPECIFIC SUBJECT:

VDOT PROCEDURE FOR DOCUMENTATION and
NOTIFICATION OF ACTIVITIES IN FEMA-MAPPED
FLOODPLAINS

DATE: OCTOBER 15,
2015

SUPERSEDES:
N/A

APPROVAL: Jeffrey S. Bragdon, P.E.

State Hydraulics and Utilities Engineer

EFFECTIVE DATE

e Unless identified otherwise within this DDM, the information contained in this DDM is

effective upon receipt.

PURPOSE

e This DDM establishes minimum requirements for projects including roadway
construction and maintenance that are located within Special Flood Hazard Areas
(SFHA) Zone A, AE and VE as mapped on a Federal Emergency Management
Agency (FEMA) Flood Insurance Rate Map (FIRM). These requirements require the
engineer to fully document, to the extent necessary, compliance with FEMA
practices and principles; VDOT standards, guidance and specifications; state and
federal regulatory requirements; and all appropriate and necessary construction
considerations. This DDM further references a Quality Assurance/Quality Control
(QA/QC) process by which all work in the FEMA floodplain will be reviewed for

consistency with this DDM and any applicable regulatory requirements.
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REFERENCES
e The following editions apply when referenced in this DDM:
o Virginia Code Section 10.1-602
o Governors Executive Memorandum 2-97
POLICY
e This section amends and revises the existing VDOT procedures with respect to work
in FEMA Designated Floodplains as discussed in Chapter 12 of the VDOT Drainage
Manual.
PROCEDURE

VDOT Hydraulics Staff will review all projects that will be submitted for environmental
permits to assess the potential impact on flooding. At VDOT'’s discretion, the
assessment on flooding impact may be qualitative (Engineering Judgment) or
quantitative (Engineering Analysis). Documentation regarding this assessment of
the potential impacts will be included with the Joint Permit Application (JPA)
developed by VDOT to manage the environmental permit process. The Department
of Conservation & Recreation (DCR) is included in the distribution of the JPA.

Any maintenance or construction activity that will restore or maintain the originally-
designed hydraulic capacity of a VDOT asset that is present in the FEMA Mapped
Floodplain, will not require additional coordination with DCR or the localities beyond
what is included in the JPA. This would include, but is not limited to:

stream bank stabilization;

reconstruction and stabilization of roadway embankments;

bridge scour repairs and associated fill;

bridge deck replacements;

substructure repairs that may involve additional concrete or steel to reinforce the
structure;

bridge and structure maintenance and repair; and

o bridge and structure replacement with a Hydraulically Equivalent Replacement
Structure (HERS)
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When an Engineering Analysis of flooding impact will be performed on a project
within a Zone AE, VDOT will request supporting hydraulic data from FEMA to use as
a starting point for the analysis. VDOT will independently evaluate the hydrology for
the purposes of comparison. The engineer will update the hydraulic model, as
needed, to reflect the results of the VDOT survey and bridge design or construction.
In the event that there is a discrepancy between the FEMA data and the Engineering
Analysis, the VDOT data will take precedence. Any discrepancies will be noted and
documented for future use but will not require a CLOMR submission. The hydraulic
model and supporting documentation shall be forwarded to the Locality
implementing the National Flood Insurance Program (NFIP) in that jurisdiction and
DCR’s Division of Dam Safety & Floodplain Management, upon their request.

VDOT Design Policy is written such that it will support the goals of DCR to preserve
the capacity of the floodplain to carry the 100-year flood and exceed the minimum
requirements of the NFIP:

o VDOT will limit impacts to the 100-year flood elevation to a cumulative 1.0’ for
work that is performed within FEMA Zone A areas, provided there is no adverse
impact to offsite structures. Any impacts may require coordination with the
community.

o VDOT will limit impacts to the 100-year flood elevation to 0.0’ for work that is
performed within FEMA Zone AE areas.

If the impact limits noted above cannot be met, VDOT will coordinate with the NFIP
community regarding the impact and determine the subsequent course of action. This may
include supplemental surveys, a Conditional Letter of Map Revision (CLOMR), and as
needed, a Letter of Map Revision (LOMR).

REPORTING AND DOCUMENTATION

For projects determined by using engineering judgement to have no adverse hydraulic
impact as discussed above will require no additional coordination with the Locality or DCR
except for the abbreviated Hydraulic Commentary provided in the JPA.

For projects located in a FEMA Designated A, AE, V or VE Zone, where a detailed
hydraulic analysis has been performed, VDOT will:

Modify the current documentation practices to include a comparison of the published
and VDOT-determined discharges, including the published, revised existing and
proposed condition flood elevations.
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Upon review and approval by the Hydraulics Staff the Preliminary Bridge Report
based on the preliminary bridge design will be submitted to the Project Manager and
the Central Office Hydraulics Section. This will include the LD293, FEMA FIRMette,
the preliminary Bridge Front Sheet and preliminary Roadway Plan and Profile.

The Central Office Hydraulics Staff will notify the Locality and DCR upon completion
of the preliminary H&HA and provide that documentation for their use. In the event
that the impact limits noted above are not met, there will be additional coordination
with the locality regarding the need to engage in the CLOMR and LOMR process.

If there is a difference between the VDOT and FEMA data and the existing versus
proposed analyses shows that it meets the 100-year impact limits set above, this will
not require a CLOMR / LOMR to update the FIRM and FIS. Upon receipt of the
VDOT information, DCR and the Locality may coordinate with FEMA, as needed,
regarding areas where the published FIS appears to be erroneous.

In the event that there are changes in the final design that warrant modification of the
analysis, the preliminary Bridge Report will be reissued to the PM and the Central
Office Hydraulics Section. The Central Office will distribute copies to DCR and the
Locality.

Upon approval of the final bridge design and scour analyses by the Hydraulics Staff
a Final Bridge Report will be submitted to the PM and the Central Office Hydraulics
Section and will include the LD293, FEMA FIRMette, the Bridge Front Sheet,
Roadway Plan and Profile, the hydraulic model, scour computations and scour plot.

The Central Office Hydraulics Staff will distribute the final Bridge Report to the
Locality and DCR. Survey data and engineering computations will be provided upon
request. If required by this document, a CLOMR will be submitted at this time.

These provisions are limited to projects where VDOT is the designated permittee.
For VDOT-funded projects, where the environmental permits are held by others (i.e.,
Locally Administered Projects, Design Build Contractors, PPTAs, etc.), they will be
responsible for independent coordination with the community with regards to
Floodplain Development.

VDOT will establish a centralized repository for the hydraulic analyses to facilitate
requests made by DCR or FEMA for specific studies.

In the event that CLOMR is submitted it will be necessary that the project schedule
and budget be modified to accommodate the submission of a LOMR at project
completion. This will include an as-built survey and possible modification to the
hydraulic modeling as needed.
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GENERAL SUBJECT: NUMBER:
DRAINAGE INSTRUCTIONS DDM-8

SPECIFIC SUBJECT: DATE:

VDOTS EXPANDED PROCEDURE FOR ESTIMATING

BRIDGE SCOUR USING A VARIABLE D50 WITH SUPERSEDES:

DEPTH AND ESTIMATED D50 BASED ON BEDROCK N/A

CORE MATERIAL

APPROVAL: Jeffrey S. Bragdon, P.E.

State Hydraulics and Utilities Engineer

EFFECTIVE DATE

e Unless identified otherwise within this DDM, the information contained in this DDM is

effective upon receipt.

PURPOSE

This DDM applies to a hydraulic evaluation of a steady state flow condition that will
provide the maximum theoretical scour. At this time, VDOT does not provide general
guidance for the use of the scour computations that take into account long term
variable flow as it applies to cohesion or abrasion. These approaches may be
considered on a case-by-case basis at the discretion of VDOT staff.

The methods provided in HEC-18, 5™ edition, were largely developed in isolation to
one another and there are significant gaps between the theory as presented, and the
hydraulic and geotechnical conditions found in the field.

The processes and procedures within HEC-18, 5™ edition, do not describe how to
incorporate the computational process when the geotechnical report returns results
that provide an increasing D50 with depth.

The processes and procedures within HEC-18, 5" edition, do not include discussion
or practices to evaluate the scour potential in material that can be cored, but is
fractured and does not meet an RQD of 50%.
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In general, the procedures in HEC-18, 5" edition, treat live-bed scour and clear-
water scour as a binary choice determined based on the flood condition. However,
the live-bed scour equations alone are not capable of incorporating the effects of a
coarser material overlain by a finer material. This procedure will also look at both
conditions to evaluate which condition controls.

This DDM establishes an expanded procedure for the estimation of bridge scour
using the existing equations available within HEC-18, 5™ edition. In the event that
supplemental guidance is issued by the FHWA, these processes will need to be
reevaluated for applicability.

The procedure described was developed by VDOT staff for use on VDOT projects. If
this process is to be utilized by other agencies or in other areas, it should be
thoroughly evaluated for applicability to that alternate use.

Quarrying and plucking scour (Annandale method) for fractured material is
applicable to pier scour only.

REFERENCES

The following editions apply when referenced in this DDM:
o FHWA HEC-18, 5" edition

0 Materials Manual of Instruction rev May 2016

o VDOT Drainage Manual Chapter 12

POLICY

This section expands the existing VDOT recommendations with respect to scour as
discussed in Chapter 12 of the VDOT Drainage Manual.

PROCEDURE

The Materials Division has modified the Geotechnical Manual of Instruction to

expand upon the requirements for coring and reporting of D50 values:

o Report more frequent D50 values for soil data, especially when there is a change
in character including larger components

o Report the median core size for those samples of bed rock that to not display
RQD values = 50% and classified as moderately hard to very hard and
moderately weathered to unweathered.

0 Includes the position that until more actionable guidance on the scour resistance
of rock is provided by the FHWA, that VDOT will consider rock with an RQD =
50% to be scour resistant.
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General

Scour estimation processes were developed, based upon data collected in controlled
laboratory conditions. Unfortunately, these processes do not cover many of the
conditions typically encountered in the field. To accommodate these conditions, the
processes described below will focus on a multipronged approach to evaluating both
live-bed and clear-water scour based on a variety of materials encountered, to
establish what is likely to be the controlling condition.

In addition, individual site characteristics should also be taken into account in the

determination of live-bed vs. clear-water scour. The conditions that could limit the

potential Live Bed condition are:

0 A dam located in close proximity upstream, capturing the sediments upstream of
the crossing

0 The crossing is within a normal/flood pool of a lake/reservoir, and the sediments
would be expected to fall out upstream.

o An overbank area functioning as an independent scour zone, located
downstream of an area that is well-vegetated.

Contraction Scour

If there is the potential for live-bed scour, determine via HEC-18 (Section 6.2.1 Eq.
6.1), then the material present in the stream bed is in motion. If the live-bed
conditions exist, then both live-bed and clear-water scour are to be computed in the
channel. If live-bed conditions are not indicated, only clear-water scour is to be
computed and included below.

The recommended equations to consider are the Live Bed Scour Equation (Section
6.3 EqQ. 6.2), the Clear Water Scour Equation (Section 6.4, Eq. 6.4) and if applicable,
the Vertical Contraction Scour Equation (Section 6.10 Eg. 6.16).

Compute all three using the D50 of the stream bed material, as applicable to the
specific equations (minimum D50 is 0.2mm). Combine the vertical scour to both the
live-bed and clear-water scour, and compare the results to each other. The estimate
with the least total scour will be considered the controlling condition. Once the
controlling condition is determined, evaluate the soil boring data to see if the scour is
contained within the limits of the material defined by the D50 selected. If the
controlling scour is confined to this layer (Layer 1), then the contraction scour is
arrested at this elevation and this portion of the computaitons is complete. However,
if the controlling scour terminates in material that is below Layer 1, then additional
computations are needed.
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In this case it can be concluded that, at minimum, the scour will reach the point
where the material changes between Layer 1 and Layer 2. Clear water scour
computations are repeated using the same hydraulic parameters as in the analysis
above, assuming that the subsequent D50 material is present in the entire soil
column. Combine this result with the vertical scour and compare to the previously
computed live-bed and vertical scour, then estimate with the least total scour will be
considered the controlling condition.

If the controlling scour is above this layer, then the scour is arrested at the interface
between the two layers. If the controlling scour confined to this layer, then the
contraction scour is arrested at this elevation. However, if the controlling scour
terminates in material that is below the layer characterized by the D50 selected, then
additional computations are needed. Repeat these last two steps until a controlling
scour is reached, or scour resistant material is encountered.

Pier Scour

Use the most applicable method that would apply to the project for the pier
configuration, where there is little distinction between live-bed and clear-water scour.
Combine this with the estimated contraction scour. Assess the material at the
estimated bottom of the scour hole. If the material in the soil column affected by the
combined contraction and pier scour has a D50 > 20mm, then the method described
by Pier Scour in Coarse Bed Material (Section 7.11 Eq. 7.34) may be used. This
method is reported to be applicable to clear-water conditions only. However, in the
event that the coarse layer is overlain by the finer layer, this equation would be
applicable. The process in evaluating successive layers is similar to what is
considered under contraction scour. In this case, any material with a D50 smaller
than 20mm will have been removed above the originally estimated elevation.

Abutment Scour

Abutment scour is much more complex than the other scour modes, and the

equations are more often difficult to apply. Both live-bed and clear-water scour are

to be computed:

(1) If the abutments are significantly close to the channel, not meeting the setback
limits,

(2) If there is the potential for live-bed scour, as determined by HEC-18 (Section
6.2.1 Eq. 6.1) and

(3) The other live-bed criteria are present.

If live-bed conditions are not indicated, only clear-water Scour is to be considered.

The recommended equations to consider are the Froelich’s Equation (Section 8.6
Eq. 8.1), the HIRE Equation (Section 8.6.2, Eq. 8.2), and the NCHRP 24-20 Method
for both clear-water and live-bed (Section 8.6.3 Eq. 8.5 and Eq. 8.6).



Drainage Design Memorandum
DDM-8
Sheet 5 of 5

Compute all four (4) equations using the D50 of the stream bed material as
applicable to the specific equations (minimum D50 is 0.2mm). Combine the total
contraction scour as computed above to Froelich’s and HIRE results. The NCHRP
24-20 Method already incorporates the scour based on lateral contraction. However,
this should be combined with the vertical contraction component to both the clear-
water and live-bed results.

Compare the results of the four (4) methods to each other, and the estimate with the
least total scour will be considered the controlling condition. Once the controlling
condition is determined, evaluate the soil boring data to see if the scour is contained
within the limits of the material defined by the D50 selected. If the controlling scour
is confined to this layer (Layer 1), then the scour is arrested at this elevation and this
portion of the computaitons is complete. However, if the controlling scour terminates
in material that is below Layer 1, then additional computations are needed.

In this case it can be concluded that, at minimum, the scour will reach the point
where the material changes between Layer 1 and Layer 2. Clear water scour
computations are repeated using the same hydraulic parameters as in the analysis
above, assuming that the subsequent D50 material is present in the entire soil
column. Combine the results as described above, the estimate with the least total
scour will be considered the controlling condition.

If the controlling scour is above this layer, then the scour is arrested at the interface
between the two layers. If the controlling scour is confined to this layer, then the
scour is arrested at this elevation. However if the controlling scour terminates in
material that is below the layer characterized by the D50 utilized, then additional
computations are needed. Repeat this cycle until a controlling scour is reached, or
scour resistant material is encountered.

REPORTING AND DOCUMENTATION

e The submission requirements for analysis using this procedure should include the
following:
o Excerpts from the Geotechnical Report documenting the D50 and RQD
values of the materials
o Detailed computations identifying the controlling scour determination at each
substructure
o0 Scour Plot to scale

Worked example




Project

Route 20 over Slate River in Halifax County

By Date
UPC 95931 Checked Date
Subject  Scour Computations
Source Data:
HEC-RAS Data Files Project  095931HnHA.prj
Plan Proposed
Ver. 4.1.0
HEC-18 5th ed 2102
Incipient Motion
First Check For Live Bed versus Clear Water Eq6.1
At Cross Section 3125
25-year 50-year 100-year 200-year 500-year
Ve ( 6.01] 6.10] 6.25] 6.49| 7.03|fps Avg Channel Velocity
K 11.17 11.17 11.17 11.17 11.17 Coefficient (English Units)
y ( 16.05] 18.55] 20.83] 23.48| 28.66]ft
D 0.04 0.04 0.04 0.04 0.05 ft Minimum D5, for Live Bed
0.47 0.45 0.46 0.49 0.56 inches

11.85063 11.52585 11.69906 12.33788 14.19330 mm

The particle size is based on the boring BR-06 at a depth of 9 feet (elevation 305) on the flood
plain. This is roughly 3 feet above the stream invert in the adjacent channel. No data regarding
the stream bed material was provided. It is reasonable to assume that the exposed stream bed
material under high flows is similar in nature for the purposes of this computation.

Type

0.2]

0.2]

0.2]

0.2]

0.2|mm D50 of Material present

0.000656 0.000656 0.000656 0.000656 0.000656 ft

25-year

50-year

100-year

200-year

500-year

Live Bed Live Bed Live Bed Live Bed Live Bed

Vertical Contraction Scour
The flood flows do not encounter the low chord of the structure therefore there is no vertical
contraction scour.

Lateral Contraction Scour
Since one bridge abutment are set in the vinicity of the channel bank and the other is set back the
bridge is considered Case 1c.

Live Bed Scour Equation (channel)

25-year 50-year 100-year 200-year 500-year
y1 16.05 18.55 20.83 23.48 28.66|ft Average Depth of Channel Flow Upstream @ 3125
yo 15.6 18.1 20.4 23.1 28.2|ft Average Depth of Channel Flow at bridge @ 2379
W1 87 87 87 87 87|Approach Bottom width (TW Act Channel @ 3125)
w2 68 68 68 68 68|Bottom Width (TW Act Channel @ 2379)
Q1 8390 9850 11300 13300 17500|cfs approach channel flow
Q2 10000 11900 13676 16000 21200|cfs through at bridge @ 2379
S1 0.00056| 0.000476] 0.000428| 0.000394| 0.000354|Energy slope at the approach 3125
V* 0.163974 0.162524 0.163309 0.166357 0.174214 mps Shear See P6.10
w 0.015 0.015 0.015 0.015 omega See Fig 6.8 (using partical above)
V*Iw 10.93 10.83 10.89 11.09 11.61
k1 0.69 0.69 0.69 0.69 0.69
y2 221 259 291 32.6 40.0 ft
ys 6.6 7.8 8.7 9.5 11.8 ft
Use 6.6 7.8 8.7 9.5 11.8 ft
Ground 301.8 301.8 301.8 301.8 ft Average Ground Elevation

File 095931 Hydraulic Calculations.xIsx:Scour
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Project  Route 20 over Slate River in Halifax County

By Date
UPC 95931 Checked Date
Subject  Scour Computations
Scour 295.2 294.0 2931 292.3 290.0 Elevation
ClearWater (Channel)
25-year 50-year 100-year 200-year 500-year
yo 15.6 18.1 20.4 23.1 28.2 ft Average Depth of Channel Flow at bridge @ 2379
Q 10000 11900 13676 16000 21200 Overbanks flow @ 2379
w 68 68 68 68 68
D50 0.80 0.80 0.80 0.80 0.80 mm From Boring BR-07 Depth 6ft
Start 308.70f 308.70 308.70  308.70  308.70 Top of Layer
Stop 299.00f 299.00 299.00 299.00 299.00 Bottom of Layer
Use 0.8 0.8 0.8 0.8 0.8 mm based on minimim value
Dm 0.003281 0.003281 0.003281 0.003281 0.003281 ft
y2 45.9 53.3 60.0 68.7 87.4
ys 30.3 35.2 39.6 45.6 59.2
Ground 301.8 301.8 301.8 301.8 301.8
Scour 2715 266.6 262.2 256.2 242.6

Control Live Bed Live Bed Live Bed Live Bed Live Bed
295.2 294.0 293.1 292.3 290.0

Below Below Below Below Below Estimated Scour relative to strata

[Note1 |Note1 [Note1 |Note1 [Note1 |

D50 2.50 2.50 2.50 2.50 2.50 mm From Boring BR-06 Depth 20ft
Start 299.00 299.00 299.00 299.00 299.00 Top of Layer

Stop 294.70 294.70 294.70 294.70 294.70 Bottom of Layer

Use 2.5 25 2.5 25 2.5 mm based on minimim value

Dm 0.010253 0.010253 0.010253 0.010253 0.010253 ft

y2 33.1 38.5 43.3 49.6 63.1

ys 17.6 20.4 22.9 26.5 34.9

Ground 301.8 301.8 301.8 301.8 301.8

Scour 284.2 281.4 278.9 275.3 266.9

Control Live Bed Live Bed Live Bed Live Bed Live Bed
295.2 294.0 293.1 292.3 290.0

Within Below Below Below Below Estimated Scour relative to strata

[Note2 |Note3 [Note3 |[Note3 |[Note3 |

User Input Summary based on results above

25-year 50-year 100-year 200-year 500-year
Control [Live Bed |Live Bed [Live Bed |Live Bed |Live Bed
Elevation 295.2 294.7 294.7 294.7 2947
Scour 6.6 7.1 7.1 7.1 7.1

Note 1. will reach the bottom of this materail

Note 2:  Live Bed Scour is less than Clear Water Scour and is within this layer. This is the calculated scour

File 095931 Hydraulic Calculations.xIsx:Scour

Live Bed Scour is less than Clear Water Scour and is below the bottom of this layer. At a Minimum the Scour
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Project  Route 20 over Slate River in Halifax County
By Date
UPC 95931 Checked Date
Subject  Scour Computations

Live Bed Scour is less than Clear Water Scour and has reached material that is considered scour resistent

Note 3: the scour is arrested at that point.
Right Overbank
There are no piers located in the right overbank. The rock was encountered above the 10 year
flood elevation and it is anticipated that the abutments will be founded on non scour able materail.
Therefor the scour in the right overbank was not computed.
Left Overbank
Live Bed
The approaches are vegetated therefore the conditions do not exist for live bed scour on the overbank.
ClearWater
25-year 50-year 100-year 200-year 500-year
yo 4.05 6.50 8.69 11.18 15.89|ft Average Depth of Overbank Flow at bridge @ 2379
Q 1460 2990 4650 6860 12000|Overbank flow @ 2379
224 228 232 236 243|Topwidth on overbank @ 2379
Piers 8 8 8 8 8 Total Pier Width
w 216 220 224 228 235
D50 0.03 0.03 0.03 0.03 0.03 mm From Boring BR-04 Depth 10ft
Start 312.50( 312,50 312.50 312.50  312.50 based on BR-04/BR-05
Stop 299.10[ 299.10 299.10 299.10  299.10 Bottom of Layer BR-04
Use 0.2 0.2 0.2 0.2 0.2 mm based on minimim value
Dm 0.00082 0.00082 0.00082 0.00082 0.00082 ft
y2 4.9 8.9 12.7 17.5 275
ys 0.8 24 4.0 6.3 11.7

Ground 312.5 312.5 3125 312.5 312.5 based on BR-04/BR-05

Scour 311.7 3101 308.5 306.2 300.8
Within Within Within Within Within Estimated Scour relative to strata
[Note4 |Note4 [Note4 |[Note4 |[Noted |

User Input Summary based on results above

25-year 50-year 100-year 200-year 500-year
Control [Clear WatqClear Wat{Clear WatqClear Wat{Clear Water
Elevation 311.7 310.1 308.5 306.2 300.8|
Net Scour 0.8 24 4.0 6.3 11.7

Note 4:  The computed Clear Water scour is contained within the soil layer. This is the estimated scour.

File 095931 Hydraulic Calculations.xIsx:Scour Page 3 of 7



Project  Route 20 over Slate River in Halifax County
By Date
UPC 95931 Checked Date
Subject  Scour Computations
Peir Scour

Pier 1 Scour is computed based on the overbank data as it is not located in the vicinity of the channel
Pier 2 Scour is not computed as it has been determined above that the adjacent channel contraction scour has reached
the non-scourable material for events larger than the 25 year event.

25-year 50-year 100-year 200-year 500-year

Pier 1 Pier 1 Pier 1 Pier 1 Pier 1
WSE 318.9 321.44| 323.74] 326.41] 331.54|WSEL at 2379
Ground 312.5 3125 3125 3125 312.5 Ground
y1 6.4 8.94 11.24 13.91 19.04
V1 ( 1.6] 2.02] 2.31] 2.6 3.1]Avg Velocity
Fr 0.11 0.12 0.12 0.12 0.13
a 4 4 4 4 4 ft width
K1 1 1 1 1 1 Round Nose
K2 1 1 1 1 1 Angle
K3 1.1 1.1 1.1 1.1 1.1 Plane Bed
ys 4.0 4.7 5.1 5.5 6.2 Scour
Multiplier 24 24 24 24 2.4 Limit
Limit 9.6 9.6 9.6 9.6 9.6 Only applies to round nose piers
Use 4.0 4.7 5.1 5.5 6.2 Pier Scour

0.8 24 4.0 6.3 11.7 Contraction Scour
4.8 71 9.1 11.8 17.9 Total Scour

Elevation 307.7 305.4 303.4 300.7 294 .6
D50 ( 0.03] 0.03] 0.03] 0.03] 0.08]|mm Partical size at bottom of scour hole BR-04

No No No No Coarse Bed Check

File 095931 Hydraulic Calculations.xIsx:Scour
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Route 20 over Slate River in Halifax County
By Date

UPC 95931 Checked Date
Scour Computations

Abutment Scour

File 095931 Hydraulic Calculations.xIsx:Scour

Right abutment scour is not computed because there is no fill within the flood plain to redirect flows to the bridge
opening. Therefore the conditions that cause abutment scour do not exist at this location.

Left abutment scour is computed but NCHRP 24-20 method only because the site conditions are such that the approach
flow is parallel to the roadway fill. The Froelichs and HIRE methods cannot adequately be applied to this condition. As
the approach area is well vegetated only the Clear water condition will be estimated.

25-year 50-year 100-year 200-year 500-year
2682.0] 4349.0) 6080.0f 8364.0] 13609.0|Qlob at 3125
337.0 342.0 346.0 352.0 362.0{Twlob at 3125
q1 8.0 12.7 17.6 23.8 37.6 Unit Flow Upstream
1458.0] 2993.0] 4646.0) 6856.0] 11979.0[Qlob at 2379
224.0 228.0 232.0 236.0 243.0|Twlob at 2379

q2 6.5 13.1 20.0 29.1 49.3 Unit Flow Bridge LOB

yo [ 41| 6.5| 8.7| 11.2] 15.9|Hdlob at 2379

q2/q1 0.82 1.03 1.14 1.22 1.31

Clear Water condition with sloping abutments

alpha(b) | 1.0] 1.4] 1.9] 2.0| 2.1|Figfure 8.11

D50 0.05 0.05 0.05 0.05 0.05 BR-02

Start 313 313 313 313 313

Stop 301.0 301 301 301 301

Use 0.2 0.2 0.2 0.2 0.2 mm based on minimim value
0.000656 0.000656 0.000656 0.000656 0.000656 ft

y2 5.1 9.3 134 18.4 29.0 Equation 8.6

ys 1.0 2.8 4.7 7.2 13.1 Equation 8.4

Ground 313.0 313.0 313.0 313.0

Scour 312.0 310.2 308.3 305.8 299.9

Within Within Within Within Below Estimated Scour relative to strata
[Note 5 |Note5 [Note5 |[Note5 |[Note6 |

D50 0.085 0.085 0.085 0.085 0.085 BR-02

Start 301 301 301 301 301

Stop 291.0 291 291 291 291

Use 0.2 mm based on minimim value
0.000656 ft

y2 29.0 Equation 8.6

ys 13.1 Equation 8.4

Ground 313.0 313.0 313.0 313.0

Scour 299.9
Within Estimated Scour relative to strata

User Input Summary based on results above

25-year 50-year 100-year 200-year 500-year
Control [Clear WatqClear Wat{Clear WatqClear Wat{Clear Water
Elevation 312.0 310.2 308.3 305.8 299.9|
Net Scour 1.0 2.8 4.7 7.2 13.1

Note 5:  The computed Clear Water scour is contained within the soil layer. This is the estimated scour.

The computed Clear Water Scour is below the bottom of this layer. At a Minimum the Scour will reach the

Note 6: bottom of this materail

Page 5 of 7



Project  Route 20 over Slate River in Halifax County
By Date
UPC 95931 Checked Date
Subject  Scour Computations
Scour Summary - User Input
25-year 50-year 100-year 200-year 500-year
Left Abutment (Abutment A)
Control  [Contractio|Contractio| Contractio| Contractio] Contraction
Scour 0.8 2.4 4.0 6.3 11.7
Scoured bed elev 311.7 310.1 308.5 306.2 300.8
Pier 1
Control [CW/CSU |CW/CSU [CW/CSU |CW/CSU |CW/CSU
Scour 4.8 7.1 9.1 11.8 17.9
Scoured bed elev 307.7 305.4 303.4 300.7 294.6
Pier 2
Control [Live Bed |Live Bed [Live Bed |Live Bed |Live Bed
Scour 6.6 7.1 7.1 7.1 7.1
Scoured bed elev 295.2 294.7 294.7 294.7 294.7
Right Abutment (Abutment B)
Control  [None None None None None
Scour 0.0 0.0 0.0 0.0 0.0
Scoured bed elev|NA NA NA NA NA
Riprap Slope Protection - HEC23 DG14
Abutment Left Right
321.4 321.4 WSE 50 year
330.7 335.2 Low Cord
313.1 330.9 Ground
8.34 -9.46 Depth of flow under bridge
0.89 0.89 K for spill through Abutments
2.02 0.00 Velocity through the segment (average)
0.09 0.00 Fr - Based on averge depth in the opening
0.04 0.00 D50

Class Al NA

Minimum Size Applicable

Please note that this is a sample spreadsheet that is applicable to this project only. It may be used as a
guide for developing a spreadsheet for other projects. At this time there is no one method of collecting and
evaluating the hydraulic and geotechnical data to estimate scour. It is the responsibility of the engineer to
possess sufficient knowlege and expereince of HEC-RAS and HEC-18 to extract the necessary data and
apply it to scour estimating equations. It is anticipated that additional sample spread sheet will be provided in

the future.

If a storm event that overtops the crossing is to be evalauted, care should be taken to exclude the overtopping
flows from contributing to scour. This particular sample does not include overtopping.

File 095931 Hydraulic Calculations.xIsx:Scour

Page 6 of 7



Reach

Route 20
Route 20
Route 20
Route 20
Route 20

Reach

Route 20
Route 20
Route 20
Route 20
Route 20

Reach

Route 20
Route 20
Route 20
Route 20
Route 20

Reach

Route 20
Route 20
Route 20
Route 20
Route 20

Reach

Route 20
Route 20
Route 20
Route 20
Route 20

River Sta Profile

3125 25 Year
3125 50 Year
3125 100 Year
3125 200 Year
3125 500 Year

River Sta Profile

2379 25 Year
2379 50 Year
2379 100 Year
2379 200 Year
2379 500 Year

River Sta Profile

2379 25 Year
2379 50 Year
2379 100 Year
2379 200 Year
2379 500 Year

River Sta Profile

3125 25 Year
3125 50 Year
3125 100 Year
3125 200 Year
3125 500 Year

River Sta Profile

2379 25 Year
2379 50 Year
2379 100 Year
2379 200 Year
2379 500 Year

W.S. Elev Q Channel Hydr Deptl Vel Chnl  E.G. Slope
(ft) (cfs) (ft) (ft/s) (ft/ft)

320.31 8388.88 16.05 6.01 0.00056
322.82 9849.29 18.55 6.1 0.000476

325.1 11330.09 20.83 6.25 0.000428
327.75 13260.33 23.48 6.49 0.000394
332.92 17536.82 28.66 7.03 0.000354

W.S. Elev Q Channel Hydr Deptl Vel Chnl  E.G. Slope
(ft) (cfs) (ft) (ft/s) (ft/ft)

318.9 10019.97 15.56 9.47 0.00148
321.44 11860.59 18.1 9.64 0.001254
323.74 13676.71 204 9.86 0.001119

326.41 16016.56 23.07 10.21 0.001019
331.54 21187.63 28.21 11.05 0.000912

W.S. Elev Hydr Deptt Top W Lef Q Left Vel Left
(ft) (ft) (ft) (cfs) (ft/s)

318.9 4.05 22425 1457.81 1.60
321.44 6.5 228.06 2993.13 2.02
323.74 8.69 23151 4645.75 2.31
326.41 11.18  235.51 6856.48 2.60
331.54 15.89  243.22 11979.39 3.10

W.S. Elev Q Left Top W Lef Hydr Deptl Vel Left
(ft) (cfs) (ft) (ft) (ft/s)

320.31 2682.29 336.77 6.12 1.3
322.82 4349.13 341.75 8.51 1.5

325.1 6079.5 346.29 10.66 1.65
327.75 8364.05 351.57 13.14 1.81
332.92 13609.18 361.89 17.86 2.11

W.S. Elev Q Left Top W Lef Hydr Deptt Vel Left
(ft) (cfs) (ft) (ft) (ft/s)

318.9 1457.81 224.25 4.05 1.6
321.44 299313  228.06 6.5 2.02
323.74 464575  231.51 8.69 2.31
326.41 6856.48  235.51 11.18 26
331.54 11979.39  243.22 15.89 3.1
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SPT_LOGAB:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

VvDOT

nia Department of Transportation

PROJECT #: 0020-014-713, UPC #95931

BR-02

LATITUDE: 37.619640° N
SURFACE ELEVATION: 312.9 ft

LOCATION: Buckingham County, Virginia
STRUCTURE: ABUTMENT A PAGE 1 OF 2
STATION: 19+61 OFFSET: 7.9R

LONGITUDE: 78.486364° W
COORD. DATUM: NAD 83

FIELD DATA Date(s) Drilled: 09/16/2013 - 09/17/2013 LAB DATA
— SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel —
z | - SPT Method: Auto Hammer (140 Ib) < ]
— = . o
i = bo |E121Z |8 2 | Other Test(s): Not Applicable El2]l 2] g
Tl = Wz |J|W|x|>>z w . i - == | W 3*
S| E| 2 E;O Z|olulxES o Driller: Total Depth Drilling, Inc. = = l
el 2| 82 |2|a|2|3[35 «|w|z|Logger: K. Megginson, Schnabel s|¢|38 @
Lia| 5| 238 |8|a|4|31S8|5|2]|% GROUND WATER Sla|g| 3
i i E% o« % 2|5 8@ 518 g ¥ FIRST ENCOUNTERED AT 6.0 ft DEPTH | 2|9
£ é T g olx | NO LONG TERM MEASUREMENTS TAKEN o g
(@] s =
& FIELD DESCRIPTION OF STRATA LL | PI -
1 0.0/312.9
5 4 \Forestlltter Rootmat and Topsoil TOPS /—
45 5 |53 0.4/312.5 18.3
2 5 Fill, Red-brown and yellow-brown, SILT, trace sand,
310 % contains root fragments, stiff, moist ML _ .
5 — 3.5 3.0/309.9
4 5 20 Alluvium, Gray-brown, SILT WITH SAND, trace 16.4
2 A gravel, firm, moist ML ’
¥ 74.1
y | /
6 2 | 6 SAME, wet b1
i [ ., |D%0 +0.016rhm '
305 —H el |\l | BB}F-—o—-——ooooo-
8 H \ 8.0/304.9
5 Residuum, Light gray and orange-brown, fine to
10 24 33 coarse, SILTY SAND, contains rock fragments, and 7.6
10 — 10 mica, dense, moist SM
12 42073009 T TTTTT
300 13 IGM, Light gray and orange-brown, fine to coarse,
SILTY SAND, contains rock fragments, and mica,
14 50/4 33 = 1143 very dense, moist SM 1.0
16
181 295
R 19 48.6
21 25 91 SAME, wet 19.3
20 50/1 /N 501
2 I 22072008 T T T T T T TTTTT
290 oY IGM, Brown, fine, SILTY GRAVEL, very dense, wet
5] GM
24 50/2 50 = 24 X 7.2
24.2 <
25 H
26 ] 254 Auger Refusal at 25.4 ft.
100 %/ 25472875
f Bedrock, Unweathered to slightly weathered, hard,
1,,5 D30 ¥ 50. dark gray, PHYLLONITE, highly fractured, strongly
281 285 : foliated at 50-60°, fine to medium grained, contains
\ healed fractures, few iron stained PHY
\ SAME, slightly weathered to moderately weathered,
30 moderately hard to hard, intensely fractured, below
REMARKS: Rig Type: CME-550X (ATV). PAGE 1 OF 2

Scour sample collected from 3-8 ft. and 13-25 ft.
Relative density and consistency terms reflect correction for hammer efficiency (N x 1.3).

BR-02

Copyright 2014, Commonwealth of Virginia
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SPT_LOGAB:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

PROJECT #: 0020-014-713, UPC #95931 BR_02
LOCATION: Buckingham County, Virginia
STRUCTURE: ABUTMENT A PAGE 2 OF 2
STATION: 19+61 OFFSET: 7.9R
Virginia Department of Transportation LATITUDE: 37.619640° N LONGITUDE: 78.486364° W
SURFACE ELEVATION: 312.9ft COORD. DATUM: NAD 83
FIELD DATA Date(s) Drilled: 09/16/2013 - 09/17/2013 LAB DATA
— SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel —
z | - SPT Method: Auto Hammer (140 Ib) < ]
— . o
i e TAEHEIEN 2 | Other Test(s): Not Applicable E12] 2] §
€41 g| z F2 20| E|%|EE & | Driller: Total Depth Drilling, Inc Jl>| B :
5"0@295u|-$:9 m : p g, Inc. alE| 2] &
elE| E | <8@ |¥Y|2|2|2I35 < || |Logger: K. Megginson, Schnabel s|le| 8| &
o < SEx QY| w|8laZlE|E|S olE| E
YIs| o | 229 (9(L|z|ulx9E|E|s GROUND WATER 5|12l 8
w i o b= = 2|y 8% 518 £~ | ¥ FIRST ENCOUNTERED AT 6.0 ft DEPTH T = g
£ é T 9) x| NO LONG TERM MEASUREMENTS TAKEN o u
s Z
& © FIELD DESCRIPTION OF STRATA LL | PI -
o1l LA 2631t
:;:'Z% SAME, dark gray and orange-brown, intensely
:“g.::\* fractured to highly fractured, contains calcite and
RREZ . ;
32 1255 / K8 quartz veins, pyrite, and quartz augens below 29 ft
: K SAME, dark gray, below 30 ft
280 i&?,é
Heaul Resistant
36 )\: SAME, highly fractured to moderately fractured below
Sy 35.3ft
N
] 573 }3§;
38t 275 ’:%\\i
100[100 Y
40 -1 40.3
Bottom of Boring at 40.3 ft.
REMARKS: Rig Type: CME-550X (ATV).
Scour sample collected from 3-8 ft. and 13-25 ft. PAGE 2 OF 2
| Relative density and consistency terms reflect correction for hammer efficiency (N x 1.3). BR_02

Copyright 2014, Commonwealth of Virginia
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SPT_LOGA:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

VvDOT

nia Department of Transportation

STRUCTURE: ABUTMENT A

PROJECT #: 0020-014-713, UPC #95931
LOCATION: Buckingham County, Virginia

BR-03

PAGE 1 OF 1

STATION: 19+62

OFFSET: 19.5R
LATITUDE: 37.619618° N

LONGITUDE: 78.486392° W

SURFACE ELEVATION: 313.1ft COORD. DATUM: NAD 83

FIELD DATA Date(s) Drilled: 09/14/2013 - 09/14/2013 LAB DATA
- SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel R
2 . DIP ° SPT Method: Auto Hammer (140 Ib) x| 2
ﬁ £ bo |Z[2|5(2 . 2 | Other Test(s): Not Applicable g =
41el z | 055 |2 o (&ES & | Driller: Total Depth Drilling, Inc. Sz
2lE| 5| 392 |210|2|335 g|e|=|Logger: R. Reed / K. Megginson, Schnabel 3|8 8
5|8 g | 255 |g|2|z |8y 2|z GROUND WATER Sle| g
w o oS Tz 2 & 8@ 518 b= | ¥ FIRST ENCOUNTERED AT 8.5 ft DEPTH o %
£ é £ g olx | NO LONG TERM MEASUREMENTS TAKEN o
o =
& FIELD DESCRIPTION OF STRATA LL | PI
0.0/313.1 /1
2 ! \Rootmat and Topsoil TOPS_ /
125 5 2 87 0.5/312.6 27.3
2 — 25 / Alluvium, Red, SILT WITH SAND, firm, moist ML
IV R B R G AR Y Y TT. Y
2 i— 3.5 D5%0 + 0.05%m 3.0/;310.1
1750 4 2 67 b ety Alluvium, Mottled gray and brown, SILT, trace sand, 250
2 /N 5 \ contains root fragments, firm, moist ML
6 5 — 6
1.25 2 80 \ 28.8
o 3 Hos
SZ 305 2 — 8.5 L T o s a = — — — — — —
31 100 <+ 8.5/304.6 ) _ 22.0
501 Y 96 Alluvium, Gray-brown, fine to medium, SILTY SAND,
10 loose, wet SM
9.0/304.1
12 IGM, Light green-gray, fine to coarse, SILTY SAND WITH
GRAVEL, very dense, moist SM
300
50/2 0 = 135
14 137
16
187 295 50/3 18.5
100 128 SAME, light brown 4.3
20
22
290 168 N Auger Refusal at 23 ft.
24 / 23.1/290.0
63 ,( Bedrock, Slightly weathered to highly weathered, very soft
D50 * 40 to moderately hard, dark green-gray and orange-brown,
26 PV T A PHYLLONITE, intensely fractured, strongly foliated, fine to
L} 57 4 T medium grained, contains calcite, vuggy quartz veins,
’ “ pyrite, and quartz augens, heavily iron stained along
foliation planes PHY
Bottom of Boring at 27.1 ft.
REMARKS: Rig Type: CME-550X (ATV). PAGE 1 OF 1

Boring offset 1 ft northwest of surveyed location. Reported ground surface elevation includes change due to offset. Augers

scraping at 8.5 ft.

Relative density and consistency terms reflect correction for hammer efficiency (N x 1.3).

BR-03

Copyright 2014, Commonwealth of Virginia
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SPT_LOGAB:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

VvDOT

nia Department of Transportation

PROJECT #: 0020-014-713, UPC #95931
LOCATION: Buckingham County, Virginia
STRUCTURE: PIER 1

BR-04

PAGE 1 OF 2

STATION: 20+77
LATITUDE: 37.619447° N

OFFSET: 27.1'L
LONGITUDE: 78.486020° W
SURFACE ELEVATION: 311.1ft COORD. DATUM: NAD 83

FIELD DATA Date(s) Drilled: 09/14/2013 - 09/14/2013 LAB DATA
— SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel —
i) | op SPT Method: Auto Hammer (140 Ib) < ]
— = . o
i = bo |E121Z |8 2 | Other Test(s): Not Applicable El2]l 2] g
mgv N N T B N o O~y - 2| = | u
| €| 3| o3 |&|9|E|xES o Driller: Total Depth Drilling, Inc. Slelz| &
b4 — . —
glE| & 58z 215|213 é‘LZ‘: < | | 2 [Logger: K. Megginson, Schnabel 518 8| @
Wil g | z322 |9/E|d|okQE|z|s GROUND WATER =R
i o | bLS |Z(X| 2|y 8@ % | S | = | ¥ FIRST ENCOUNTERED AT 6.0 ft DEPTH | 2|9
£ é% g x| Y STABILIZED AT 7.5 ft AFTER 98 HOURS o g
(@] s =
& FIELD DESCRIPTION OF STRATA LL | PI -
el 0.0/311.1 Ju
310 {3 1 \Rootmat and Topsoil TOPS _ J
2.25 1 53 0.5/310.6 336
2 3| Alluvium, Gray-brown and orange-brown, SILT,
H 25 trace sand, contains root fragments, and mica, soft
1 L1 35 to firm, moist ML
1[4 1 |87 30.0
1 — 5
6¥ 305 6 55/3056
1 Alluvium, Gray-brown and orange-brown, SILT
1 3 2 67 WITH SAND, contains mica, soft to firm, wet ML 251
A 4 H 7.5 nm
8
WOH i 82
2 20 76.5
1
10 % 10 26.1| 76.5
300
12 " q207/2091 T T T T T T T TTTTT
L1 13 Residuum, Gray and orange-brown, fine to coarse,
3 — 13.5 SILTY SAND, contains rock fragments, and mica,
14 38 33 very dense, moist SM 5.0
50 '\ 45
% 49.6
6y205¢ | 4\ A0
16.5/294.6
Residuum, Light gray and orange-brown, fine to
18 — 18 coarse, SANDY SILT, contains rock fragments, and
7 — 18.5 I i mica, hard, moist ML
18 67 D5%0 * 0.075mMm 7.1
20 25 20
290
22 218/280.3
IGM, Light gray and orange-brown, fine to coarse,
50/3 235 SANDY SILT, contains rock fragments, and mica,
24 0 238 very hard, wet ML
261 285
28 S0/1 °n 22759 Auger Refusal at 28.0 ft.
28.0/283.1
Bedrock, Unweathered to moderately weathered,
30
REMARKS: Rig Type: CME-550X (ATV). PAGE 1 OF 2

Scour sample collected from 8.5-12 ft. and 13-18 ft.

Relative density and consistency terms reflect correction for hammer efficiency (N x 1.3).

BR-04

Copyright 2014, Commonwealth of Virginia
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SPT_LOGAB:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

\VDOT

Virginia Department of Transportation

PROJECT #: 0020-014-713, UPC #95931
LOCATION: Buckingham County, Virginia
STRUCTURE: PIER 1

BR-04

PAGE 2 OF 2

STATION: 20+77
LATITUDE: 37.619447° N
SURFACE ELEVATION: 311.1 ft

OFFSET: 27.1'L
LONGITUDE: 78.486020° W
COORD. DATUM: NAD 83

FIELD DATA

SOIL

DEPTH (ft)

ELEVATION (ft)
STANDARD
PENETRATION TEST

SAMPLE INTERVAL
STRATA

HAMMER BLOWS
SAMPLE LEGEND
ROCK QUALITY
DESIGNATION

PKT. PENETROMETER (tsf)
SOIL RECOVERY (%)
CORE RECOVERY (%)

STRATA LEGEND

Date(s) Drilled: 09/14/2013 - 09/14/2013
Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel
SPT Method: Auto Hammer (140 Ib)

Other Test(s): Not Applicable

Driller: Total Depth Drilling, Inc.

Logger: K. Megginson, Schnabel

LAB DATA

GROUND WATER
FIRST ENCOUNTERED AT 6.0 ft DEPTH

hvA
Y STABILIZED AT 7.5 ft AFTER 98 HOURS

LIQUID LIMIT
PLASTICITY INDEX

MOISTURE CONTENT (%)

FINES CONTENT -#200 (%)

FIELD DESCRIPTION OF STRATA

100
280

A E

32
Sgour R

34

8/

100

361 275

H 36.8

40| 25

38

40 80

270

42
81| 81

44
1 445

moderately hard to hard, dark gray and dark
green-gray, PHYLLONITE, intensely fractured to
highly fractured, strongly foliated at 50-60°, fine to
medium grained, contains calcite and quartz veins,

1 n yrite, and quartz augens PHY

AME, unweathered to slightly weathered, slightly
fractured to moderately fractured, below 29.2 ft
SAME, intensely fractured, below 33.8 ft
SAME, moderately fractured, below 34.4 ft

SAME, intensely fractured, below 37.3 ft
SAME, highly weathered, soft

SAME, unweathered to moderately weathered, soft to
moderately hard, joints at 30 - 40 ° below 38.8 ft.
SAME, soft, intensely fractured below 40.8 ft

SAME, unweathered to slightly weathered,
moderately hard to hard, moderately fractured, below
41.8 ft

Bottom of Boring at 44.5 ft.

REMARKS: Rig Type: CME-550X (ATV).
Scour sample collected from 8.5-12 ft. and 13-18 ft.

Relative density and consistency terms reflect correction for hammer efficiency (N x 1.3).

PAGE 2 OF 2

BR-04
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VDOT

Virginia Department of Transportation

PROJECT #: 0020-014-713, UPC #95931
LOCATION: Buckingham County, Virginia

BR-05

STRUCTURE: PIER 1

PAGE 1 OF 2

STATION: 20+80 OFFSET: 15.5R
LATITUDE: 37.619369° N

SURFACE ELEVATION: 314.0 ft

LONGITUDE: 78.486130° W
COORD. DATUM: NAD 83

SPT_LOGA:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

FIELD DATA Date(s) Drilled: 09/14/2013 - 09/14/2013 LAB DATA
— SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel
i) | op SPT Method: Auto Hammer (140 Ib) x| &
ﬁ = TEEHEIE N 2 | Other Test(s): Not Applicable £ |2 =
41el z | g FE |% & | i % |E3 & | Driller: Total Depth Drilling, Inc. Slzlk
fnj_: ElE | g SE %J ul 213 ::;Lz_‘ <| o | < [ Logger: K. Megginson, Schnabel 3 o |3
(o = | 258 (32288852 GROUND WATER 312 &
Zz | o w < o |W|x=g| s S| < | &
i o | bigs % % 2|5 8@ 518 g ¥ FIRST ENCOUNTERED AT 3.5 ft DEPTH ol
£ é £ g olx | Y STABILIZED AT 8.2 ft AFTER 20 HOURS o
%) =
& FIELD DESCRIPTION OF STRATA LL | PI
* 0.0/314.0
) L / Rootmat and Topsoil TOPS
25 2 67 /| 0.8/313.2 _ 30.2
2 3 N, dA A d Alluvium, Brown, SILT, trace sand, contains root
5 |D%0 ¥ 0.05mm fragments, and mica, firm, moist ML~ .
¥y 1 3.0/311.0
05 4 1 310 5 40 Alluvium, Brown and orange-brown, SILT WITH SAND, 24.9
’ 1 contains root fragments, and mica, soft, wet ML ’
6 55/3085
1 Alluvium, Gray-brown, fine to medium, SILTY SAND,
2 1 87 contains mica, loose, wet SM 26.0
8y
305 12
2 100 27.5
10 2
12 q20/3020 T T T T TT T
Alluvium, Dark gray, fine, SILTY SAND, contains mica,
loose, wet SM
WOH ’
141300 1" Won 1100 296
3
16 q60/2080 T T T T T T T TTTTT
IGM, Gray and orange-brown, fine, SILTY GRAVEL WITH
SAND, very dense, moist GM
18
295 1385012 [100 76
20
22
50/2 50
241 290
Auger Refusal at 25 ft.
26 25.0/289.0
Bedrock, Unweathered to slightly weathered, moderately
hard to hard, dark gray, PHYLLONITE, intensely fractured
to highly fractured, strongly foliated at 50-60°, fine to
28 medium grained, contains calcite and quartz veins, some
285 quartz veins are vuggy, pyrite and quartz augens PHY
SAME, moderately weathered to highly weathered,
30
REMARKS: Rig Type: CME-550X (ATV). PAGE 1 OF 2

Relative density and consistency terms reflect corret

for hammer efficiency (N x 1.3).
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SPT_LOGA:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

PROJECT #: 0020-014-713, UPC #95931 BR_O 5
LOCATION: Buckingham County, Virginia
VD D I STRUCTURE: PIER 1 PAGE 2 OF 2
STATION: 20+80 OFFSET: 15.5'R
inia Department of Transportation LATITUDE: 37.619369° N LONGITUDE: 78.486130° W
SURFACE ELEVATION: 314.0ft COORD. DATUM: NAD 83
FIELD DATA Date(s) Drilled: 09/14/2013 - 09/14/2013 LAB DATA
— SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel
i) | op SPT Method: Auto Hammer (140 Ib) x| &
ﬁ = beo |S|2]2|8 2 | Other Test(s): Not Applicable £ |2 =
glel z | o PE 28| KBS & | Driller: Total Depth Drilling, Inc. Szl
fnj_: ElE ggz %J o| 2 (3352 || 2 [Logger: K. Megginson, Schnabel 3 o |3
L gl g | 255 (9|2 |2k z|z|% GROUND WATER Sle |k
i | bS |Z|32| 2 |5[8L6|(8 g ¥ FIRST ENCOUNTERED AT 3.5 ft DEPTH ol
£ éi‘ g Il xe Y STABILIZED AT 8.2 ft AFTER 20 HOURS o
=
& © FIELD DESCRIPTION OF STRATA LL | PI
10015 moderately hard, orange-brown and gray, below 26.5 ft
SAME, unweathered to moderately weathered, moderately
H 31.5 = hard to hard, below 27.2 ft
32 SAME, moderately fractured to highly fractured, below 31.5
100 89 / ft
H 33.8 SAME, intensely fractured to highly fractured, below 33.5 ft
341 280 Scgouf Resjstant
100 34
36
1 SAME, slightly weathered to moderately weathered, soft to
38 84 moderately hard, intensely fractured, below 36.9 ft
275 1328
40
SAME, unweathered to slightly weathered, moderately hard
100| 79 to hard, moderately fractured, below 40.2 ft
42
) 435
Bottom of Boring at 43.5 ft.
REMARKS: Rig Type: CME-550X (ATV). PAGE 2 OF 2

Relative density and consistency terms reflect correction for hammer efficiency (N x 1.3).

BR-05
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SPT_LOGB:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:4/30/14

PROJECT #: 0020-014-713, UPC #95931 BR_06
LOCATION: Buckingham County, Virginia
STRUCTURE: PIER 2 PAGE 1 OF 2
STATION: 21+76 OFFSET: 11.4'L
Virginia Department of Transportation LATITUDE: 37.619207° N LONGITUDE: 78.485851° W
SURFACE ELEVATION: 314.0 ft COORD. DATUM: NAD 83
FIELD DATA Date(s) Drilled: 09/18/2013 - 09/18/2013 LAB DATA
SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel —
, oP SPT Method: Auto Hammer (140 Ib) x| &
— . o
= Be |S12]2 |8 2 | Other Test(s): Not Applicable El2]| 5] §
el z | ob2 |2 |6| B %2 [E3 & | Driller: Total Depth Drilling, | AN -
el 2z of3 (2|8 E (g [5S o | Driller: Total Dep rilling, Inc. = = E
AR AR RN RE 35/ | | < | Logger: K. Megginson, Schnabel 518 8| @
a o | 22Y |g|z|z|2xYE 2% GROUND WATER S|2/E|8
| bips |X = 2|y 8l & | S | £ | ¥ FIRST ENCOUNTERED AT 9.0 ft DEPTH g E o
éi‘ g Il xe NO LONG TERM MEASUREMENTS TAKEN o g
2 Z
© FIELD DESCRIPTION OF STRATA LL | PI -
1 700/314.0
1 \Forest litter, Rootmat and Topsoil TOPS /—
2
2 67 0.4/313.6 18.7
2 11N, Alluvium, Gray, fine, SILTY SAND, loose, moist SM
4 1 310 5 — 4
2 33 14.9
2 — 5.5
6 5 — 6
2 53 5.4
2 — 7.5
8
y -
305 14 ’ SAME, very loose, wet
10 1 67 334
1
— 10.5
23.2
12 d20/3020 T T T T T
L 13 Alluvium, Gray, fine to coarse, POORLY GRADED
SAND, trace silt, contains organic matter, loose, wet SP
14 1 300 \WOH — 14
3 67 47.8
3 — 155
16
18
295 1 — 19
20 0 93 8.2
50/5 — 20.4 20.0/294.0
1] IGM, Blue-gray, fine to coarse, SILTY SAND, contains
— 21.5 o -+ rock fragments, very dense, dry SM
22 \ Auger refusal at 21.5 ft. /—
1001100,/ 21572925
/ Bedrock, Unweathered to slightly weathered, hard, dark
241 290 ] 23.8 reen-gray, PHYLLONITE, highly fractured, strongly
Sgour Res Ntoliated at 50-70°, fine to medium grained, chloritic,
contains calcite and quartz veins, pyrite, and quartz
augens PHY
26 91| X3
SAME, soft, from 27 to 27.5 ft
28
H 285
285
30
REMARKS: Rig Type: CME-550X (ATV). PAGE 1 OF 2

Scour sample collected from 9-13 ft.

Relative density and consistency terms reflect cRrrection for hammer efficiency (N x 1.3).

BR-06

Copyright 2014, Commonwealth of Virginia
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SPT_LOGB:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:4/30/14

\

VDOT

Virginia Department of Transportation

PROJECT #: 0020-014-713, UPC #95931
LOCATION: Buckingham County, Virginia
STRUCTURE: PIER 2

BR-06

PAGE 2 OF 2

STATION: 21+76
LATITUDE: 37.619207° N
SURFACE ELEVATION: 314.0 ft

OFFSET: 11.4'L
LONGITUDE: 78.485851° W
COORD. DATUM: NAD 83

FIELD DATA Date(s) Drilled: 09/18/2013 - 09/18/2013 LAB DATA
SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel —
, op- SPT Method: Auto Hammer (140 Ib) x| &
— . o
= Be |S12]2 |8 2 | Other Test(s): Not Applicable El2]| 5] §
— ~= LIJ; ;_’ Wl |>|[>=z w . ) . = = E 3+
€l 8| 2t3 (|9 L |&ES o Driller: Total Depth Drilling, Inc. Slelz| &
=l 2| 822 |g|5| 2|3 35| | = |Logger: K. Megginson, Schnabel 518 8| @
4 3| 239 [g)z| 2 |8RgE| 2|5 GROUND WATER Sle|g| 3
O | BS |©(%| 3 |5|88%|S |G| ¥ FIRSTENCOUNTERED AT 9.0 ft DEPTH 22| 9
éi‘ 5 x| NO LONG TERM MEASUREMENTS TAKEN o | 4
2| z
© FIELD DESCRIPTION OF STRATA LL | PI .
100/100
SAME, contains quartzitic metasandstone layers below
32 31.2ft
H 335
341 280
1001100 SAME, contains quartz veins 1 to 6 inches thick below
34.5ft
36
¥ 36.5
Bottom of Boring at 36.5 ft.
REMARKS: Rig Type: CME-550X (ATV). PAGE 2 OF 2

Scour sample collected from 9-13 ft.
Relative density and consistency terms reflect correction for hammer efficiency (N x 1.3).

BR-06
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SPT_LOGA:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

PROJECT #: 0020-014-713, UPC #95931 BR_07
LOCATION: Buckingham County, Virginia
STRUCTURE: PIER 2 PAGE 1 OF 2
STATION: 21+83 OFFSET: 20.6'R
nia Depariment of Transportation LATITUDE: 37.619137° N LONGITUDE: 78.485923° W
SURFACE ELEVATION: 321.0ft COORD. DATUM: NAD 83
FIELD DATA Date(s) Drilled: 09/19/2013 - 09/19/2013 LAB DATA
- SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel R
2 . DIP ° SPT Method: Auto Hammer (140 Ib) x| 2
i = TAEHEIEN 2 | Other Test(s): Not Applicable AR
41el z | g FE |% & | i % |E3 & | Driller: Total Depth Drilling, Inc. Slzlk
fnj_: ElE ggz %J o| 2 (3352 || 2 [Logger: K. Megginson, Schnabel 3 o |3
S8 3| 235 g)z| 2 |BRgE| 2|5 GROUND WATER Sle |k
i o | bLS |Z(X| 2|y 8@ % | S | = | ¥ FIRST ENCOUNTERED AT 19.0 ft DEPTH ol
£ é £ 5 x| NO LONG TERM MEASUREMENTS TAKEN o)
=
& © FIELD DESCRIPTION OF STRATA LL | PI
0.0/321.0
320 1, L1 Forest litter, Rootmat and Topsoil TOPS /1
2 67 \ 0.1/320.9 / 7.4
2 2 N s \Cobbles and Boulders BLD _ /
' 1.0/320.0
- Fill, Brown, fine to medium, SILTY SAND, loose, moist /1
4 5 — 4 \S_M _________________________ /
1 2 67 50 + 3.5/317.5 25.1
2 '\ 55 D30 = 0.1mm Fill, Brown, fine to medium, SANDY SILT, firm, moist ML
6 1t 315 1 — 6 T _66/_31_5_0 ———————————————————————
2 87 Alluvium, Brown, fine to medium, SILTY SAND, contains 1.3
2 H 75 root fragments, loose, moist SM
8
5 — 9
2 100 10.0
10 2 — 10.5
310
2y 1+ 0 O/’ NEL
” 12.3/308.7
Alluvium, Light brown and orange-brown, fine to medium,
14 ) L 14 / POORLY GRADED SAND, trace silt, loose, moist SP
3 40 / 14.2
2
— 155 |MEO £
161 305 D30 0
18
y -
2 19 SAME, fine to coarse, trace gravel, medium dense
20 4 53 18.3
5 — 20.5
300
2 7 22072000 T T T T T T T TTTTT
e | IGM, Blue-gray, fine to coarse, SILTY SAND, very dense,
d | dry sm
24 19 5073 5o:j;mm:2. T
261 295 ™
] 263 == Auger Refusal at 26 ft.
100[100 ;:f.: 26.3/294.7
28 gf Bedrock, Unweathered, moderately hard to hard, light
] 281 8] gray, PHYLLONITE, slightly fractured, strongly foliated at
/ §.§* 50-70°, contains calcite and quartz veins, pyrite, quartz
t<pd ~Augens, and healed fractures PHY
20 Redr Resjstant
REMARKS: Rig Type: CME-550X (ATV). PAGE 1 OF 2

Relative density and consistency terms reflec\correction for hammer efficiency (N x 1.3).

BR-07

Copyright 2014, Commonwealth of Virginia
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VvDOT

nia Department of Transportation

PROJECT #: 0020-014-713, UPC #95931
LOCATION: Buckingham County, Virginia

BR-07

STRUCTURE: PIER 2

PAGE 2 OF 2

STATION: 21+83
LATITUDE: 37.619137° N

OFFSET: 20.6'R
LONGITUDE: 78.485923° W

SURFACE ELEVATION: 321.0ft COORD. DATUM: NAD 83

SPT_LOGA:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

FIELD DATA Date(s) Drilled: 09/19/2013 - 09/19/2013 LAB DATA
— SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel
i) | op- SPT Method: Auto Hammer (140 Ib) x| &
ﬁ = TEEHEIE N 2 | Other Test(s): Not Applicable £ |2 =
2gl z EE% > 8| d % |E3 & | Driller: Total Depth Drilling, Inc. Slzlk
fnj_: ElE ggz %J ul 213 :D;LZE <| o | < [ Logger: K. Megginson, Schnabel 3 o |3
Wil g | z322 |9/E|d|okQE|z|s GROUND WATER 32|t
i o | bl s |E3|= > 8@ % | S | = | ¥ FIRST ENCOUNTERED AT 19.0 ft DEPTH ol
£ é T |5 x| NO LONG TERM MEASUREMENTS TAKEN o)
=
& © FIELD DESCRIPTION OF STRATA LL | PI
290
H 31.5
32
34 1001100
361 285 H 36.1
SAME, moderately fractured
38 93|78
SAME, contains vuggy quartz veins
40 SAME, soft, micaceous and chloritic interval from 39.6 to
Y 406
40.3 ft
Bottom of Boring at 40.6 ft.
REMARKS: Rig Type: CME-550X (ATV). PAGE 2 OF 2

Relative density and consistency terms reflect correction for hammer efficiency (N x 1.3).

BR-07
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PROJECT #: 0020-014-713, UPC #95931 BR_og
LOCATION: Buckingham County, Virginia
STRUCTURE: ABUTMENT B/ MSE WALL PAGE 1 OF 1
STATION: 23+22 OFFSET: 0.3'L
Virginia Department of Transportation LATITUDE: 37.618873° N LONGITUDE: 78.485571° W
SURFACE ELEVATION: 330.1 ft COORD. DATUM: NAD 83
FIELD DATA Date(s) Drilled: 09/30/2013 - 09/30/2013 LAB DATA
SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel R
. DIP SPT Method: Auto Hammer (140 Ib) x| 8
g E"’ S % g SN % Other Test(s): Not Ap;.)li.cable = %
€ z | g ;% Z|o| E 55 o Driller: Total Depth Drilling, Inc. == £
ElE ggz %J ul 213 ::;Lz_‘ <| o | < | Logger: D. Lyons, Schnabel 3 o |3
B © | 224 |3|E |2 |B|xgE|z|% GROUND WATER Sle|t
i bhs ||z 2 SBIHIS|F NOT ENCOUNTERED DURING DRILLING T | B
z3 (2|9 F [E|zgo g ®
oT |5 ] NO LONG TERM MEASUREMENTS TAKEN o
=
© FIELD DESCRIPTION OF STRATA LL | PI
0.0/330.1 =
50/1 100 1 | || \Forestlitter and Topsoil TOPS _ _ 0.7
- 0.5/329.6
2 "~ 18382 IGM, Gray, fine to coarse, SILTY SAND, very dense, dry SM
1 Auger Refusal at 1.3 ft.
) 1.3/328.8
4 Bedrock, Slightly weathered, hard, gray, PHYLLONITE,
moderately fractured, contains pyrite, thin layers of quartzose
325 100110 schist and calcite healed fractures, foliations at 50-60° PHY
6
SAME, Moderately weathered, moderately hard to hard, clay film
8 H 8.1 2y on foliations, below 7.1 ft.
Sqour Reslstang 173220
| Bedrock, Moderately weathered to decomposed, moderately
101 320 hard, gray, SANDSTONE, intensely fractured, contains thick
90! Xo clay filled fractures SST
9.5/320.6
Bedrock, Slightly weathered, moderately hard to hard, gray,
12 PHYLLONITE, moderately fractured, contains pyrite, thin layers
i1y of quartzose schist, and calcite healed fractures, foliations at
) 50-60° PHY
14
315
100 93
16
18 -l 18.1
Bottom of Boring at 18.1 ft.
E
9]
C
(o]
=
2[REMARKS: Rig Type: CME-550X (ATV).
8| Boring offset 5.0 ft. west of surveyed location. Reported ground surface elevation includes change due to offset. Relative PAGE 1 OF 1
:I density and consistency terms reflect correction for hammer efficiency (N x 1.3). BR_Og
@

Copyright 2014, Commonwealth of Virginia
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VDOT

\ Virginia Department of Transportation

PROJECT #: 0020-014-713, UPC #95931 BR_1 0

LOCATION: Buckingham County, Virginia

STRUCTURE: ABUTMENT B/ MSE WALL

PAGE 1 OF 1

STATION: 23+22 OFFSET: 19.7R
LATITUDE: 37.618840° N
SURFACE ELEVATION: 328.8 ft

LONGITUDE: 78.485626° W
COORD. DATUM: NAD 83

SPT_LOG:13616052.00 VDOT 11-25-13.GPJ:8.30.002:012512:2/19/14

FIELD DATA Date(s) Drilled: 09/30/2013 - 10/01/2013 LAB DATA
SOIL ROCK Drilling Method(s): 3.25" HSA / NQ2 DBL Barrel R
. DIP SPT Method: Auto Hammer (140 Ib) x| 8
g E"’ S % g SN % Other Test(s): Not Ap;.)li.cable = %
gl z aF2 |z|0|h|&|E3 o [ Driller: Total Depth Drilling, Inc. i S =
I| 0| zz9 |Flo|E |u|FP iy alE|z
|l g | &2 |3 nl 213 §<Zz <o = | Logger: D. Lyons, Schnabel 32| °
4 3| 239 [g)z| 2 |8RgE| 2|5 GROUND WATER Sle |k
o | bLS (2|2 |y 8@ | S |E| NOTENCOUNTERED DURING DRILLING ol
é £ S olx | NO LONG TERM MEASUREMENTS TAKEN o)
o =
FIELD DESCRIPTION OF STRATA LL | PI
0.0/328.8
11 Wi Forest litter, Rootmat and Topsoil TOPS /—
2 4150/3 79 0.4/3284 4.9
— 24 IGM, Gray, fine to coarse, SILTY SAND WITH GRAVEL, very
35 dense, moist SM
413252504 |88 3.1
6 33 6
502 |86 3.3
8 8.5
320 185055 | 78 X or 55
10 '
12 50/2 = 12
0 12.2 J Auger Refusal at 12 ft.
12.2/316.6
147 315 Bedrock, Slightly weathered, moderately hard to hard,
84|70 gray-green, PHYLLONITE, moderately fractured, strongly
foliated, contains layers of quartz, calcite, and pyrite,
16 slickensides observed on mechanical breaks along foliation
H 16.6 planes which dip at +/-75° PHY
18 Scouf Resjstant
310 10000
20
H 21.
22 6
241 305 100100
26
 26.6
Bottom of Boring at 26.6 ft.
REMARKS: Rig Type: CME-550X (ATV). PAGE 1 OF 1

Boring offset 3.5 ft. east of staked location. Reported ground surface elevation includes change due to offset. Relative
density and consistency terms reflect correction for hammer efficiency (N x 1.3).

BR-10
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