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1.0 INTRODUCTION 

The HDR team is providing design services to the Sutter Butte Flood Control Agency 
(SBFCA) for the Feather River West Levee (FRWL) Project. URS Corporation (URS), as a 
member of the HDR team, has been providing geotechnical engineering services for the 
FRWL Project. 

The Union Pacific Railroad (UPRR) crosses the FRWL from approximately station 1130+00 
to station 1131+50. Due to the presence of this crossing, a relief well system has been 
evaluated by the design team as an alternative to installing a cutoff wall through the railroad 
embankment.  

During 2014 construction, a conventional soil bentonite cutoff wall was constructed to 
Station 1126+80 on the south side of the UPRR crossing and Station 1136+15 on the north 
side of the crossing. This memorandum summarizes geotechnical characterization and 
analysis for the UPRR gap location between Station 1126+80 and 1136+15, the 
methodology for relief well design, and recommendations for relief well spacing, size, filter 
material, and limits.  

2.0 BACKGROUND  

Attachment A includes the plans and stick-log figures for the UPRR crossing, showing 
subsurface stratigraphy, past performance, geomorphology, and exploration stick logs. 
Attachment B presents information for the three additional CPTs completed in October 2015. 

The surficial geomorphology map for the FRWL Project indicates the presence of Recent 
Alluvial (Ra) deposits over a wide area on the waterside of the levee. These deposits 
typically comprise undifferentiated sand and silt with minor lenses of fine gravel. On the 
landside of the levee, surficial soils consist of Holocene Overbank (Hob), Recent Overbank 
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(Rob), Recent Alluvial (Ra), and Recent crevasse splay (Rcs) deposits. The Rcs and Rob 
deposits contain sand, silt, and some clay and are usually deposited during overtopping of 
channel banks or breaching of a natural or artificial levee. 

Based on existing exploration data in the area of the cutoff wall gap at the UPPR crossing, 
the levee embankment consists of silts and clays, beneath which lies an approximately 
10 feet thick clay and silt blanket overlying interbedded silty sand, sand, silt and clay layers. 
Based on the configuration of these deposits, it is considered that the area of the cutoff wall 
gap is not susceptible to through seepage and that a system of relief wells is suited to 
addressing the problem of underseepage. 

To the north of approximately Station 1129+00, borings WL0009_001S and WL0009_007A 
and CPTs SL0009_012C, WL0009_005C and WL0009_004C clearly show distinct upper 
and lower aquifer layers, separated by a fine-grained aquaclude layer of variable thickness. 
To the south of approximately Station 1129+00, borings WL0009_001B and SL0009_011A 
and CPT SL0009_044C show the upper aquifer thins dramatically and does not appear to be 
laterally persistent.  

Additional CPTs were performed along the landside toe of the levee between approximately 
Station 1126+50 and 1132+00 in October 2015 to gather more information on the nature of 
the upper and lower aquifers. The CPT at Station 1126+50 showed essentially fine-grained 
soils in the upper 40 feet, which corresponds reasonably well with the profile shown in 
existing CPT SL0009_44C at Station 1129+00. In contrast, the CPTs at approximately 
Station 1130+20 and 1132+00 show a distinct upper aquifer layer 15 feet to 20 feet thick 
starting at a depth of approximately 10 feet below the ground surface. All three additional 
CPTs encountered a lower aquifer layer at a depth of approximately 40 feet below the 
ground surface. 

Based on the additional CPT data, there is an abrupt transition in the upper aquifer layer 
between Station 1129+00 and 1130+20. South of Station 1129+00 there is no discernable 
upper aquifer layer and the blanket layer is considered thick enough to meet exit gradient 
criteria. To the north of the Station 1130+20, the blanket is approximately 10 feet thick and 
the upper aquifer layer beneath the blanket is approximately 15 feet thick. The abrupt 
change in subsurface conditions is possibly related to past levee breaches and localized 
down-cutting/erosion as indicated by the presence of crevasse splay deposits. Based on the 
results of the additional CPT data, relief wells have been designed for the gap area between 
Station 1129+00 and Station 1136+15. 

No explorations were performed on the waterside of the levee in the vicinity of the gap in the 
cutoff wall at the UPRR crossing. Therefore, other sources of information were reviewed to 
determine the likely distance to the entry point of seepage on the waterside of the levee. 

Past performance history in this area includes the observation of several sinkholes on the 
waterside toe north of approximately Station 1136+00 during 1966 flood season. These 
sinkholes were reportedly repaired, but no documentation on the repair was available. 
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However, further documentation of sinkholes at these locations following subsequent high 
water events was not recorded indicating the problem was fixed. Seepage was reported 
during the 1996 and 1997 high water events north of approximately Station 1135+00, but no 
clarification of whether this was through seepage or underseepage was provided. 

Topographic survey data shows the ground surface on the waterside of the levee is 
reasonably flat with no sharp changes in gradient or depressions waterward of the levee for 
a distance of at least 400 feet. This area is currently occupied by orchards. 

The location of the main channel of the Feather River is currently about 1600 feet from the 
levee at the UPRR crossing area. However, the geomorphology map shows Holocene 
overflow channel deposits at a distance of approximately 800 feet from the levee. As such, 
the entry point for water could be a lot closer than the current location of the main channel. 

Taking into consideration the available information, including topography, geologic 
conditions, geomorphology, agricultural use, and past performance, there is uncertainty as to 
the likely point of seepage entrance on the waterside toe. Therefore, existing conditions 
analyses were performed to help provide additional information as to the likely seepage entry 
point. Refer to Section 3.0 for details of analyses. 

3.0 ANALYSIS OF EXISTING  CONDITIONS 

Based on past performance history, seepage was observed on the landside of the levee 
following the 1996 and 1997 high water events. The water surface elevation (WSE) during 
the 1997 event was estimated to be at +78 feet (NAVD88). Given that the levees in this area 
consist of fine-grained soils and that the blanket is relatively thin compared to the hydraulic 
head, it is considered that the observed seepage was related to underseepage and not 
through seepage. Given that it was only seepage that was observed at this time and no boils 
were reported, it is considered that the exit gradient was likely greater than 0.6 and less than 
0.8.  
 
Therefore, existing conditions sensitivity analyses were performed at the 1997 WSE to 
investigate the change in exit gradient with increase in distance to the seepage entry point 
from the waterside of the levee of between 0 and 800 feet. The purpose of these analyses 
was to estimate the likely seepage entry point on the waterside of the levee that would yield 
an exit gradient of between 0.6 and 0.8. The existing conditions cross-section at 
Station 1138+86 was used for the purpose of analysis. 
 
In addition to varying the distance to the seepage entry point, the thickness of the waterside 
blanket was varied as the actual thickness is not known. Variable thicknesses of between 
3 feet and 10 feet were assumed. The thickness of the landside blanket was kept constant 
for all analyses. Details of the analyses and a summary plot of the results are presented in 
Attachment C.  
 
The results show high exit gradients in excess of 0.8 for all assumed waterside blanket 
thicknesses at seepage entry points of 300 feet or less from the waterside of the levee. For 
seepage entry points at a distance of 500 feet or more from the waterside levee toe, the exit 
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Longitudinal Plan and Profile Showing Geologic 
Profile Between, Station 1125+00 and 

Station 1145+00 
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NOTES:
1.   Elevations of levee crown and landside toe are approximate. 
      These elevations were obtained from DWR CVFED or ULE
      LiDAR data and used for geotechnical analyses and report
      purpose only. For detail crown elevation and landside toe
      information, please refer to the FRWL Project civil drawings. 
2.   The water surface elevations are based on information provided
      by Peterson Brustad, Inc. in their July 26, 2012 report entitled
      “Design Water Surface Profiles for the Feather River West
      Levee Rehabilitation Project Addendum #1".
3.   Locations of explorations are approximate. Stick logs represent
      general soil conditions encountered at the time of exploration.
      For more detailed information on the materials encountered,
      refer to boring and CPT logs in the Geotechnical Data Report
      for the FRWL Project. No warranty is provided regarding the
      continuity of soil conditions between individual explorations.
4.   When reported, N60(ASTM), refers to N60(ASTM) = Nfield * Hammer 
      Efficiency (%). See Geotechnical Data Report for the FRWL
      Project for hammer efficiency data for individual borings. 
5.   These drawings do not include all historical explorations on the
      profile view. Historical explorations from the DWR ULE project
      are shown; “other” historical explorations are identified by an
      asterisk (*) in the exploration ID.  For these “other” historical
      borings, blow counts are field blow counts (Nf) and USCS
      classifications are visual classifications. 
6.   USCS classification labels are not presented on the stick logs
      for soil lenses (thickness less than 1.5 feet).
7.   This is a color figure. Black and white reproduction should not
      be relied upon as data will be lost.
8.   To prevent scale distortion, this map should be printed on a “D”
      size sheet (22x34 inches).
9.   Surficial geology was mapped at 1:20,000 scale. (Source:
      SGDR for DWR ULE Project, URS,2010).
10. The information provided in these plans and stick-log plates has
      been compiled from a variety of sources. URS does not attest to
      the accuracy, completeness, or reliability of geotechnical
      exploration and other subsurface data by others that are
      included or referenced in these plates.
11. These plans and stick-log plates are for the use and benefit of
      HDR, SBFCA, and their consultants in connection with the
      execution of the FRWL Project. Use by any other party is at
      their own discretion and risk. These figures should not to be
      used as the sole basis for design, construction, remedial action,
      or major capital spending decisions.
12. The canal/ditch elevations are approximate.  These elevations
      were estimated from the topography.
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Appendix
A25

FRWL Project Plan Views and Stick Log Figures
FRWL Project: Station 1110+00 to Station 1160+00

Sutter Butte Flood Control Agency
FEATHER RIVER WEST LEVEE PROJECT

Service Layer Credits: Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO,
USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,
Esri China (Hong Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors, and the GIS

Sta 1126+80 Sta 1136+15935 feet gap in cutoff wall
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RELIEF WELL ANALYSIS SHEET 1/3

Date: 

Date: 

Enter Value
Calculated Value

ASSUMPTIONS: Recommended Value
1) Fully penetrating relief well system
2) Infinite Line of wells
3) Impervious top stratum (fine grained blanket) extends to a great distance landward
4) Applicable for underseepage pressure relief only
5) Analysis is applicable for relief well outlet below ground surface or at the ground surface

Levee and River Dimensions

80.6 ft.

Top of levee elevation, ELlevee crest = 86.5 ft.
Elevation 

Datum
NAVD88

64.0 ft. Flood Stage Flood Level

59.5 ft. 200 yr + 1 ft 80.6

20.0 ft.

80.0 ft.

60.0 ft.

400 ft.

160 ft.

16.6 ft.

Estimation of Landside Transformed Thickness for Up lift Pressure

Note: Identify appropriate case (I/II/III) based on Figure B-2 of Manual EM 1110-2-1913.  This workbook is applicable for maximum 5 layers. Do not cut and paste data entry.

Determination of Transformed Thickness for Seepage and Substratum Pressure Computations

Determination of Transformed Blanket Thickness for Uplift 

Case (I/II/III)

La
ye

r

Strata
Actual Thickness, 

zn (ft)
Vertical Permeability, 

Kn (ft/day)

Permeability 
of Least 

Permeable 
Layer, Kb 

(ft/day)

Least 
Permeable 

Layers

Check 
Case

Ft = Kb/Kn

Transformed 
Thickness, ztn 

(ft)

Total 
Transformed 
Thickness, zt 

(ft)

- - -
- - -
- - -
- - -
- - -

1 CL 8.0 7.1E-03 X 1.00 8.0
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

8.0 ft. Input to left AGREES w/ table above
8.0 ft.

1/21/2016

Width of riverside slope of levee, Lriverside slope =

Landside Toe Elevation, ELlandside toe =

Study Area: 

Station: 

Distance from River to Riverside Levee Toe, L1 =

Width of landside slope of levee, Llandside slope =

Reference Boring/CPT

Reference: USACE 1992 . Design, Construction, and Maintenance of Relief W ells.  EM 1110-2-1914

URS Project No.: 

Project Name: 

1/8/2016

Check By: 

17326868

SBFCA FRWL

GT Hong

18

FRWL

Calculation By: 

Reach:

Design flood elevation, ELdesign water =

Levee crest width, Lcrest =

M. Ermakovich

SBCFA 1134+00

WL0009_001S and 007A and 
SL0009_012C

Waterside Toe Elevation, Elwaterside toe =

-

-

Base width of Levee, L2, Lriverside slope+Lcrest+ Llandside slope= 

Net head of levee,  H = ELdesign water - ELlandside GS

II

-

0.0071

I

-

Case I: Least permeable layer at top (Transformed t hickness 
of blanket = actual top layer thickness + transform ed 
thickness of underlying layers)N/A

CASE I 8.0

N/A

Case II: Least permeable layer at bottom (Transform ed 
thickness of blanket = actual total thickness of bl anket)

Case III: Least permeable layer at middle (Transfor med 
thickness of blanket = actual thickness of least pe rmeable 
layer and all layers above it + transformed thickne ss of 
underlying layers)

Transformed thickness of landside top stratum for uplift, zt = 

III

Actual Thickness of Blanket = 

1134+00 Fully_Trench 3 ft and Discharge 1 ft.xls



Estimation of Relief Well Spacing, Size, and Flow SHEET 2/3

Note: See Section 7-5 (infinite line of wells, impervious top stratum) for description of the following step by step procedure

Step a:  Computation of Allowable Head, ha, Under t he Landside Blanket Layer
Transformed Thickness, Zt  (ft.)= 8

Depth to Bottom of Collector Ditch, hditch (feet) 3

Depth to Discharge of Riser Pipe (feet)= 1
Saturated Unit Weight of Blanket Layer, gt (pcf) 112.5

Critical Gradient, ic = 0.80 Equation 3-1 (Note: equation as given in USACE EM 1110-2-1914) (gw =62.4 pcf)

Factor of safety against uplift = 1.6

2.51 Equation 3-3 (Note: equations as given in USACE EM 1110-2-1914)

Step B: Assume the Net Head Midway Between Wells (H m) Equal to ha and Well Loss, Hw = 0
Assume Net Head Midway Between Wells, Hm (feet) = 2.51

Assume Well Loss, Hw (feet) = 0

Step c: For a Given Well Penetration, W,  Compute H m. Change 'a' until Hm = ha from Step 1
Design WSE Elevation (ft.)= 80.6
Elevation of Landside Toe (ft.) 64.0
Elevation of Bottom of Aquifer (ft.) = 34.0

46.6  

29.0

560 Note: Assume Levee Embankment Base Width in Absence of Waterside Blanket

Well Spacing for First Iteration, a (ft.) 139.5
0.75

Extra Length or Average Uplift Factor, Qa = 0.54 Equation 5-18

Midwell Uplift Factor, Qm = 0.65 Equation 5-19

2.51 Equation 5-14

Step d: Calculate Well Flow, Q, for the Spacing and  Penetration From Step c

22.0
11.3

960.9 ft3/day Equation 5-17
0.011121 ft3/sec.

4.99 gpm 4.99119

Step e: Assume the well dimensions and calculate th e well losses, Hw, corresponding to Qw
Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.0000 Equation on Figure 6-3 with C=100 Move row 157 to above row 156
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000 Equation 6-3

Total head loss, Hw = 0.60 Equation 6-2

Step f: Repeat Step C using hm = Hm - Hw in place o f Hm, and determine a new value of a.
1.9

Well Spacing, "a" for Revised, hm (ft.) = 103 Iteration no. 1 Equation 5-14 rearranged to solve for a
0.49 Equation 5-18
0.60 Equation 5-19

Head at Well, (difference between discharge point  and Bottom of Aquifer), hw (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

hm (ft.) =

Well Flow, Q =

Well Radius, rw  (ft.) =

Net Head Midway Between Wells, Hm =

Height of Design WSE Above Bottom of Aquifer, H1 (ft.) =

Hint: Change 'a' value until Hm = ha

Allowable Head Under the Landside Blanket Layer, ha  (ft.)=

Note: Effective well radius = outside radius of well screen + thickness of filter

Distance to the Effective Source of Seepage Entry, S (ft.) =

Horizontal Hydraulic Conductivity of the Aquifer, kH  (ft./day)=
Thickness of pervious layer, D =

Figure 5-5 of EM 1110-2-1914: Infinite Line of Well s  Parallel to Infinite Line of Source - Impervious Top Startum 

1134+00 Fully_Trench 3 ft and Discharge 1 ft.xls



SHEET 3/3

Step g: Repeat Steps d through f Until relatively co nsistent values of a are obtained. 

737 ft3/day Equation 5-17
0.01 ft3/sec.
3.83 gpm 3.82933

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.9

Well Spacing, "a" for Revised, hm (ft.) = 111.0 Iteration no. 2 Results
0.50
0.61

789 ft3/day
0.01 ft3/sec.
4.10 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.9

Well Spacing, "a" for Revised, hm (ft.) = 108.8 Iteration no. 3
0.50
0.61

775 ft3/day
0.01 ft3/sec.
4.0 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.9

Well Spacing, "a" for Revised, hm (ft.) = 109.4 Iteration no. 4
0.50
0.61

778 ft3/day
0.01 ft3/sec.
4.0 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.9

Well Spacing, "a" for Revised, hm (ft.) = 109.4 Iteration no. 5
0.50
0.61

SUMMARY OF RELIEF WELL DESIGN COMPUTATION FOR FULLY  PENETRATING WELL:

DESIGN WELL SPACING (FT.)= 109
DIAMETER OF WELL BOREHOLE (FT.) = 1.5
ESTIMATED DESIGN FLOW (GPM) = 4.0
ESTIMATED LENGTH OF RELIEF WELL (FT.) = 30.0
ESTIMATED SCREEN LENGTH (FT.) = 22.0

Midwell Uplift Factor, Qm =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =

Extra Length or Average Uplift Factor, Qa =

Well Flow, Q =

hm (ft.) =

Well Flow, Q =

Well Flow, Q =

Midwell Uplift Factor, Qm =

Midwell Uplift Factor, Qm =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =

Well Flow, Q =

hm (ft.) =

1134+00 Fully_Trench 3 ft and Discharge 1 ft.xls



RELIEF WELL ANALYSIS SHEET 1/3

Date: 

Date: 

Enter Value
Calculated Value

ASSUMPTIONS: Recommended Value
1) Fully penetrating relief well system
2) Infinite Line of wells
3) Impervious top stratum (fine grained blanket) extends to a great distance landward
4) Applicable for underseepage pressure relief only
5) Analysis is applicable for relief well outlet below ground surface or at the ground surface

Levee and River Dimensions

83.6 ft.

Top of levee elevation, ELlevee crest = 86.5 ft.
Elevation 

Datum
NAVD88

64.0 ft. Flood Stage Flood Level

59.5 ft. 200 yr + 4 ft 83.6

20.0 ft.

80.0 ft.

60.0 ft.

400 ft.

160 ft.

19.6 ft.

Estimation of Landside Transformed Thickness for Up lift Pressure

Note: Identify appropriate case (I/II/III) based on Figure B-2 of Manual EM 1110-2-1913.  This workbook is applicable for maximum 5 layers. Do not cut and paste data entry.

Determination of Transformed Thickness for Seepage and Substratum Pressure Computations

Determination of Transformed Blanket Thickness for Uplift 

Case (I/II/III)

La
ye

r

Strata
Actual Thickness, 

zn (ft)
Vertical Permeability, 

Kn (ft/day)

Permeability 
of Least 

Permeable 
Layer, Kb 

(ft/day)

Least 
Permeable 

Layers

Check 
Case

Ft = Kb/Kn

Transformed 
Thickness, ztn 

(ft)

Total 
Transformed 
Thickness, zt 

(ft)

- - -
- - -
- - -
- - -
- - -

1 CL 8.0 7.1E-03 X 1.00 8.0
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

8.0 ft. Input to left AGREES w/ table above
8.0 ft.

Reference: USACE 1992 . Design, Construction, and Maintenance of Relief W ells.  EM 1110-2-1914

URS Project No.: 17326868

Project Name: SBFCA FRWL

Calculation By: GT Hong 1/8/2016

Check By: M. Ermakovich 1/21/2016

Study Area: FRWL

Station: SBCFA 1134+00

Reference Boring/CPT
WL0009_001S and 007A and 

SL0009_012C

Reach: 18

Design flood elevation, ELdesign water =

Landside Toe Elevation, ELlandside toe =

Waterside Toe Elevation, Elwaterside toe =

Levee crest width, Lcrest =

Width of riverside slope of levee, Lriverside slope =

Width of landside slope of levee, Llandside slope =

Distance from River to Riverside Levee Toe, L1 =

Base width of Levee, L2, Lriverside slope+Lcrest+ Llandside slope= 

Net head of levee,  H = ELdesign water - ELlandside GS

I - - N/A

Case I: Least permeable layer at top (Transformed t hickness 
of blanket = actual top layer thickness + transform ed 
thickness of underlying layers)

Case II: Least permeable layer at bottom (Transform ed 
thickness of blanket = actual total thickness of bl anket)

II 0.0071 CASE I 8.0

Case III: Least permeable layer at middle (Transfor med 
thickness of blanket = actual thickness of least pe rmeable 
layer and all layers above it + transformed thickne ss of 
underlying layers)

III - - N/A

Transformed thickness of landside top stratum for uplift, zt = 
Actual Thickness of Blanket = 

1134+00 Fully_Trench 3 ft and Discharge 1 ft.xls



Estimation of Relief Well Spacing, Size, and Flow SHEET 2/3

Note: See Section 7-5 (infinite line of wells, impervious top stratum) for description of the following step by step procedure

Step a:  Computation of Allowable Head, ha, Under t he Landside Blanket Layer
Transformed Thickness, Zt  (ft.)= 8

Depth to Bottom of Collector Ditch, hditch (feet) 3

Depth to Discharge of Riser Pipe (feet)= 1
Saturated Unit Weight of Blanket Layer, gt (pcf) 112.5

Critical Gradient, ic = 0.80 Equation 3-1 (Note: equation as given in USACE EM 1110-2-1914) (gw =62.4 pcf)

Factor of safety against uplift = 1.33 Back-cacluated Exit Gradient for 110 Feet Well Spac ing Condition Is 0.60 (=0.8/1.33) 

3.02 Equation 3-3 (Note: equations as given in USACE EM 1110-2-1914)

Step B: Assume the Net Head Midway Between Wells (H m) Equal to ha and Well Loss, Hw = 0
Assume Net Head Midway Between Wells, Hm (feet) = 3.02

Assume Well Loss, Hw (feet) = 0

Step c: For a Given Well Penetration, W,  Compute H m. Change 'a' until Hm = ha from Step 1
Design WSE Elevation (ft.)= 83.6
Elevation of Landside Toe (ft.) 64.0
Elevation of Bottom of Aquifer (ft.) = 34.0

49.6  

29.0

560 Note: Assume Levee Embankment Base Width in Absence of Waterside Blanket

Well Spacing for First Iteration, a (ft.) 143.0
0.75

Extra Length or Average Uplift Factor, Qa = 0.54 Equation 5-18

Midwell Uplift Factor, Qm = 0.65 Equation 5-19

3.02 Equation 5-14

Step d: Calculate Well Flow, Q, for the Spacing and  Penetration From Step c

22.0
11.3

1148.4 ft3/day Equation 5-17
0.013292 ft3/sec.

5.97 gpm 5.96552

Step e: Assume the well dimensions and calculate th e well losses, Hw, corresponding to Qw
Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.0000 Equation on Figure 6-3 with C=100 Move row 157 to above row 156
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000 Equation 6-3

Total head loss, Hw = 0.60 Equation 6-2

Step f: Repeat Step C using hm = Hm - Hw in place o f Hm, and determine a new value of a.
2.4

Allowable Head Under the Landside Blanket Layer, ha  (ft.)=

Height of Design WSE Above Bottom of Aquifer, H1 (ft.) =

Head at Well, (difference between discharge point  and Bottom of Aquifer), hw (ft.) =

Distance to the Effective Source of Seepage Entry, S (ft.) =

Well Radius, rw  (ft.) = Note: Effective well radius = outside radius of well screen + thickness of filter

Hint: Change 'a' value until Hm = ha on row 121

Net Head Midway Between Wells, Hm =

Thickness of pervious layer, D =
Horizontal Hydraulic Conductivity of the Aquifer, kH  (ft./day)=

Well Flow, Q =

hm (ft.) =

Figure 5-5 of EM 1110-2-1914: Infinite Line of Well s  Parallel to Infinite Line of Source - Impervious Top Startum 

1134+00 Fully_Trench 3 ft and Discharge 1 ft.xls



Well Spacing, "a" for Revised, hm (ft.) = 112 Iteration no. 1 Equation 5-14 rearranged to solve for a
0.50 Equation 5-18
0.61 Equation 5-19

SHEET 3/3
Step g: Repeat Steps d through f Until relatively co nsistent values of a are obtained. 

927 ft3/day Equation 5-17
0.01 ft3/sec.
4.81 gpm 4.81407

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

2.4

Well Spacing, "a" for Revised, hm (ft.) = 118.5 Iteration no. 2 Results
0.51
0.62

978 ft3/day
0.01 ft3/sec.
5.08 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

2.4

Well Spacing, "a" for Revised, hm (ft.) = 116.7 Iteration no. 3
0.51
0.62

965 ft3/day
0.01 ft3/sec.
5.0 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

2.4

Well Spacing, "a" for Revised, hm (ft.) = 117.2 Iteration no. 4
0.51
0.62

968 ft3/day
0.01 ft3/sec.
5.0 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

2.4

Well Spacing, "a" for Revised, hm (ft.) = 117.2 Iteration no. 5
0.51
0.62

SUMMARY OF RELIEF WELL DESIGN COMPUTATION FOR FULLY  PENETRATING WELL:

DESIGN WELL SPACING (FT.)= 109
DIAMETER OF WELL BOREHOLE (FT.) = 1.5
ESTIMATED DESIGN FLOW (GPM) = 5.0
ESTIMATED LENGTH OF RELIEF WELL (FT.) = 30.0
ESTIMATED SCREEN LENGTH (FT.) = 22.0

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Flow, Q =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Flow, Q =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Flow, Q =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Flow, Q =

hm (ft.) =

1134+00 Fully_Trench 3 ft and Discharge 1 ft.xls



RELIEF WELL ANALYSIS SHEET 1/3

Date: 

Date: 

Enter Value
Calculated Value

ASSUMPTIONS: Recommended Value
1) Fully penetrating relief well system
2) Infinite Line of wells
3) Impervious top stratum (fine grained blanket) extends to a great distance landward
4) Applicable for underseepage pressure relief only
5) Analysis is applicable for relief well outlet below ground surface or at the ground surface

Levee and River Dimensions

80.6 ft.

Top of levee elevation, ELlevee crest = 86.5 ft.
Elevation 

Datum
NAVD88

68.6 ft. Flood Stage Flood Level

59.5 ft. 200 yr + 1 ft 80.6

20.0 ft.

80.0 ft.

60.0 ft.

400 ft.

160 ft.

12.0 ft.

Estimation of Landside Transformed Thickness for Up lift Pressure

Note: Identify appropriate case (I/II/III) based on Figure B-2 of Manual EM 1110-2-1913.  This workbook is applicable for maximum 5 layers. Do not cut and paste data entry.

Determination of Transformed Thickness for Seepage and Substratum Pressure Computations

Determination of Transformed Blanket Thickness for Uplift 

Case (I/II/III)

La
ye

r

Strata
Actual Thickness, 

zn (ft)
Vertical Permeability, 

Kn (ft/day)

Permeability 
of Least 

Permeable 
Layer, Kb 

(ft/day)

Least 
Permeable 

Layers

Check 
Case

Ft = Kb/Kn

Transformed 
Thickness, ztn 

(ft)

Total 
Transformed 
Thickness, zt 

(ft)

- - -
- - -
- - -
- - -
- - -

1 CL 12.0 7.1E-03 X 1.00 12.0
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

12.0 ft. Input to left AGREES w/ table above
12.0 ft.

Case II: Least permeable layer at bottom (Transform ed 
thickness of blanket = actual total thickness of bl anket)

Case III: Least permeable layer at middle (Transfor med 
thickness of blanket = actual thickness of least pe rmeable 
layer and all layers above it + transformed thickne ss of 
underlying layers)

Transformed thickness of landside top stratum for uplift, zt = 

III

Actual Thickness of Blanket = 

Case I: Least permeable layer at top (Transformed t hickness 
of blanket = actual top layer thickness + transform ed 
thickness of underlying layers)N/A

CASE I 12.0

N/A

-

-

Base width of Levee, L2, Lriverside slope+Lcrest+ Llandside slope= 

Net head of levee,  H = ELdesign water - ELlandside GS

II

-

0.0071

I

-

Design flood elevation, ELdesign water =

Levee crest width, Lcrest =

M. Hughes

SBCFA 1136+00

WL0009_001S and 007A and 
SL0009_012C

Waterside Toe Elevation, Elwaterside toe =

SBFCA FRWL

GT Hong

18

FRWL

Calculation By: 

Reach:

Reference: USACE 1992 . Design, Construction, and Maintenance of Relief W ells.  EM 1110-2-1914

URS Project No.: 

Project Name: 

4/152016

Check By: 

17326868

4/152016

Width of riverside slope of levee, Lriverside slope =

Landside Toe Elevation, ELlandside toe =

Study Area: 

Station: 

Distance from River to Riverside Levee Toe, L1 =

Width of landside slope of levee, Llandside slope =

Reference Boring/CPT

1136+00 Fully_Trench 2 ft and Discharge 1 ft_.xls



Estimation of Relief Well Spacing, Size, and Flow SHEET 2/3

Note: See Section 7-5 (infinite line of wells, impervious top stratum) for description of the following step by step procedure

Step a:  Computation of Allowable Head, ha, Under t he Landside Blanket Layer
Transformed Thickness, Zt  (ft.)= 12

Depth to Bottom of Collector Ditch, hditch (feet) 2

Depth to Discharge of Riser Pipe (feet)= 1
Saturated Unit Weight of Blanket Layer, gt (pcf) 112.5

Critical Gradient, ic = 0.80 Equation 3-1 (Note: equation as given in USACE EM 1110-2-1914) (gw =62.4 pcf)

Factor of safety against uplift = 4.0 Back-cacluated Exit Gradient for 110 Feet Well Spac ing Condition Is 0.20 (=0.8/4.0) 

2.01 Equation 3-3 (Note: equations as given in USACE EM 1110-2-1914)

Step B: Assume the Net Head Midway Between Wells (H m) Equal to ha and Well Loss, Hw = 0
Assume Net Head Midway Between Wells, Hm (feet) = 2.01

Assume Well Loss, Hw (feet) = 0

Step c: For a Given Well Penetration, W,  Compute H m. Change 'a' until Hm = ha from Step 1
Design WSE Elevation (ft.)= 80.6
Elevation of Landside Toe (ft.) 68.6
Elevation of Bottom of Aquifer (ft.) = 34.0

46.6  

33.6

560 Note: Assume Levee Embankment Base Width in Absence of Waterside Blanket

Well Spacing for First Iteration, a (ft.) 150.5
0.75

Extra Length or Average Uplift Factor, Qa = 0.55 Equation 5-18

Midwell Uplift Factor, Qm = 0.66 Equation 5-19

2.01 Equation 5-14

Step d: Calculate Well Flow, Q, for the Spacing and  Penetration From Step c

22.6
11.3

777.1 ft3/day Equation 5-17
0.008994 ft3/sec.

4.04 gpm 4.03661

Step e: Assume the well dimensions and calculate th e well losses, Hw, corresponding to Qw
Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.0000 Equation on Figure 6-3 with C=100
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000 Equation 6-3

Total head loss, Hw = 0.60 Equation 6-2

Step f: Repeat Step C using hm = Hm - Hw in place o f Hm, and determine a new value of a.
1.4

Well Spacing, "a" for Revised, hm (ft.) = 101 Iteration no. 1 Equation 5-14 rearranged to solve for a
0.49 Equation 5-18
0.60 Equation 5-19

Horizontal Hydraulic Conductivity of the Aquifer, kH  (ft./day)=
Thickness of pervious layer, D =

Allowable Head Under the Landside Blanket Layer, ha  (ft.)=

Note: Effective well radius = outside radius of well screen + thickness of filter

Distance to the Effective Source of Seepage Entry, S (ft.) =

Well Radius, rw  (ft.) =

Net Head Midway Between Wells, Hm =

Height of Design WSE Above Bottom of Aquifer, H1 (ft.) =

Hint: Change 'a' value until Hm = ha

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

hm (ft.) =

Well Flow, Q =

Head at Well, (difference between discharge point  and Bottom of Aquifer), hw (ft.) =

Figure 5-5 of EM 1110-2-1914: Infinite Line of Well s  Parallel to Infinite Line of Source - Impervious Top Startum 

1136+00 Fully_Trench 2 ft and Discharge 1 ft_.xls



SHEET 3/3

Step g: Repeat Steps d through f Until relatively co nsistent values of a are obtained. 

551 ft3/day Equation 5-17
0.01 ft3/sec.
2.86 gpm 2.86329

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.4

Well Spacing, "a" for Revised, hm (ft.) = 111.6 Iteration no. 2 Results
0.50
0.61

601 ft3/day
0.01 ft3/sec.
3.12 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.4

Well Spacing, "a" for Revised, hm (ft.) = 108.8 Iteration no. 3
0.50
0.61

588 ft3/day
0.01 ft3/sec.
3.1 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.4

Well Spacing, "a" for Revised, hm (ft.) = 109.5 Iteration no. 4
0.50
0.61

592 ft3/day
0.01 ft3/sec.
3.1 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.4

Well Spacing, "a" for Revised, hm (ft.) = 109.5 Iteration no. 5
0.50
0.61

SUMMARY OF RELIEF WELL DESIGN COMPUTATION FOR FULLY  PENETRATING WELL:

DESIGN WELL SPACING (FT.)= 110
DIAMETER OF WELL BOREHOLE (FT.) = 1.5
ESTIMATED DESIGN FLOW (GPM) = 3.1
ESTIMATED LENGTH OF RELIEF WELL (FT.) = 34.6
ESTIMATED SCREEN LENGTH (FT.) = 22.6

Midwell Uplift Factor, Qm =

Midwell Uplift Factor, Qm =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =

Well Flow, Q =

hm (ft.) =

Well Flow, Q =

Well Flow, Q =

Extra Length or Average Uplift Factor, Qa =

Well Flow, Q =

hm (ft.) =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

1136+00 Fully_Trench 2 ft and Discharge 1 ft_.xls



RELIEF WELL ANALYSIS SHEET 1/3

Date: 

Date: 

Enter Value
Calculated Value

ASSUMPTIONS: Recommended Value
1) Fully penetrating relief well system
2) Infinite Line of wells
3) Impervious top stratum (fine grained blanket) extends to a great distance landward
4) Applicable for underseepage pressure relief only
5) Analysis is applicable for relief well outlet below ground surface or at the ground surface

Levee and River Dimensions

83.6 ft.

Top of levee elevation, ELlevee crest = 86.5 ft.
Elevation 

Datum
NAVD88

68.6 ft. Flood Stage Flood Level

59.5 ft. 200 yr + 4 ft 83.6

20.0 ft.

80.0 ft.

60.0 ft.

400 ft.

160 ft.

15.0 ft.

Estimation of Landside Transformed Thickness for Up lift Pressure

Note: Identify appropriate case (I/II/III) based on Figure B-2 of Manual EM 1110-2-1913.  This workbook is applicable for maximum 5 layers. Do not cut and paste data entry.

Determination of Transformed Thickness for Seepage and Substratum Pressure Computations

Determination of Transformed Blanket Thickness for Uplift 

Case (I/II/III)

La
ye

r

Strata
Actual Thickness, 

zn (ft)
Vertical Permeability, 

Kn (ft/day)

Permeability 
of Least 

Permeable 
Layer, Kb 

(ft/day)

Least 
Permeable 

Layers

Check 
Case

Ft = Kb/Kn

Transformed 
Thickness, ztn 

(ft)

Total 
Transformed 
Thickness, zt 

(ft)

- - -
- - -
- - -
- - -
- - -

1 CL 12.0 7.1E-03 X 1.00 12.0
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

12.0 ft. Input to left AGREES w/ table above
12.0 ft.Actual Thickness of Blanket = 

Case III: Least permeable layer at middle (Transfor med 
thickness of blanket = actual thickness of least pe rmeable 
layer and all layers above it + transformed thickne ss of 
underlying layers)

III - - N/A

Transformed thickness of landside top stratum for uplift, zt = 

I - - N/A

Case I: Least permeable layer at top (Transformed t hickness 
of blanket = actual top layer thickness + transform ed 
thickness of underlying layers)

Case II: Least permeable layer at bottom (Transform ed 
thickness of blanket = actual total thickness of bl anket)

II 0.0071 CASE I 12.0

Width of riverside slope of levee, Lriverside slope =

Width of landside slope of levee, Llandside slope =

Distance from River to Riverside Levee Toe, L1 =

Base width of Levee, L2, Lriverside slope+Lcrest+ Llandside slope= 

Net head of levee,  H = ELdesign water - ELlandside GS

Reach: 18

Design flood elevation, ELdesign water =

Landside Toe Elevation, ELlandside toe =

Waterside Toe Elevation, Elwaterside toe =

Levee crest width, Lcrest =

Study Area: FRWL

Station: SBCFA 1136+00

Reference Boring/CPT
WL0009_001S and 007A and 

SL0009_012C

Calculation By: GT Hong 4/15/2016

Check By: M. Hughes 4/15/2016

Reference: USACE 1992 . Design, Construction, and Maintenance of Relief W ells.  EM 1110-2-1914

URS Project No.: 17326868

Project Name: SBFCA FRWL

1136+00 Fully_Trench 2 ft and Discharge 1 ft_.xls



Estimation of Relief Well Spacing, Size, and Flow SHEET 2/3

Note: See Section 7-5 (infinite line of wells, impervious top stratum) for description of the following step by step procedure

Step a:  Computation of Allowable Head, ha, Under t he Landside Blanket Layer
Transformed Thickness, Zt  (ft.)= 12

Depth to Bottom of Collector Ditch, hditch (feet) 2

Depth to Discharge of Riser Pipe (feet)= 1
Saturated Unit Weight of Blanket Layer, gt (pcf) 112.5

Critical Gradient, ic = 0.80 Equation 3-1 (Note: equation as given in USACE EM 1110-2-1914) (gw =62.4 pcf)

Factor of safety against uplift = 3.43 Back-cacluated Exit Gradient for 110 Feet Well Spac ing Condition Is 0.23 (=0.8/3.43) 

2.34 Equation 3-3 (Note: equations as given in USACE EM 1110-2-1914)

Step B: Assume the Net Head Midway Between Wells (H m) Equal to ha and Well Loss, Hw = 0
Assume Net Head Midway Between Wells, Hm (feet) = 2.34

Assume Well Loss, Hw (feet) = 0

Step c: For a Given Well Penetration, W,  Compute H m. Change 'a' until Hm = ha from Step 1
Design WSE Elevation (ft.)= 83.6
Elevation of Landside Toe (ft.) 68.6
Elevation of Bottom of Aquifer (ft.) = 34.0

49.6  

33.6

560 Note: Assume Levee Embankment Base Width in Absence of Waterside Blanket

Well Spacing for First Iteration, a (ft.) 143.0
0.75

Extra Length or Average Uplift Factor, Qa = 0.54 Equation 5-18

Midwell Uplift Factor, Qm = 0.65 Equation 5-19

2.34 Equation 5-14

Step d: Calculate Well Flow, Q, for the Spacing and  Penetration From Step c

22.6
11.3

916.3 ft3/day Equation 5-17
0.010606 ft3/sec.

4.76 gpm 4.75978

Step e: Assume the well dimensions and calculate th e well losses, Hw, corresponding to Qw
Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.0000 Equation on Figure 6-3 with C=100 Move row 157 to above row 156
Velocity of water through riser pipe, v (ft./sec.) = 0.01
Velocity head loss, Hv = 0.00000 Equation 6-3

Total head loss, Hw = 0.60 Equation 6-2

Step f: Repeat Step C using hm = Hm - Hw in place o f Hm, and determine a new value of a.
1.7

Well Spacing, "a" for Revised, hm (ft.) = 103 Iteration no. 1 Equation 5-14 rearranged to solve for a
0.49 Equation 5-18
0.60 Equation 5-19

Well Flow, Q =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Radius, rw  (ft.) = Note: Effective well radius = outside radius of well screen + thickness of filter

Hint: Change 'a' value until Hm = ha on row 121

Net Head Midway Between Wells, Hm =

Thickness of pervious layer, D =
Horizontal Hydraulic Conductivity of the Aquifer, kH  (ft./day)=

Allowable Head Under the Landside Blanket Layer, ha  (ft.)=

Height of Design WSE Above Bottom of Aquifer, H1 (ft.) =

Head at Well, (difference between discharge point  and Bottom of Aquifer), hw (ft.) =

Distance to the Effective Source of Seepage Entry, S (ft.) =

Figure 5-5 of EM 1110-2-1914: Infinite Line of Well s  Parallel to Infinite Line of Source - Impervious Top Startum 
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SHEET 3/3
Step g: Repeat Steps d through f Until relatively co nsistent values of a are obtained. 

688 ft3/day Equation 5-17
0.01 ft3/sec.
3.57 gpm 3.5731

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.7

Well Spacing, "a" for Revised, hm (ft.) = 111.6 Iteration no. 2 Results
0.50
0.61

740 ft3/day
0.01 ft3/sec.
3.84 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.7

Well Spacing, "a" for Revised, hm (ft.) = 109.2 Iteration no. 3
0.50
0.61

726 ft3/day
0.01 ft3/sec.
3.8 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.7

Well Spacing, "a" for Revised, hm (ft.) = 109.8 Iteration no. 4
0.50
0.61

730 ft3/day
0.01 ft3/sec.
3.8 gpm

Entrance head loss in the screen and filter, He (ft.) = 0.6

Friction loss, Hf (ft.) = 0.00
Velocity of water through riser pipe, v (ft./sec.) = 0.00
Velocity head loss, Hv = 0.00000

Total head loss, Hw = 0.60

1.7

Well Spacing, "a" for Revised, hm (ft.) = 109.8 Iteration no. 5
0.50
0.61

SUMMARY OF RELIEF WELL DESIGN COMPUTATION FOR FULLY  PENETRATING WELL:

DESIGN WELL SPACING (FT.)= 110
DIAMETER OF WELL BOREHOLE (FT.) = 1.5
ESTIMATED DESIGN FLOW (GPM) = 3.8
ESTIMATED LENGTH OF RELIEF WELL (FT.) = 34.6
ESTIMATED SCREEN LENGTH (FT.) = 22.6

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Flow, Q =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Flow, Q =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Flow, Q =

hm (ft.) =

Extra Length or Average Uplift Factor, Qa =
Midwell Uplift Factor, Qm =

Well Flow, Q =

hm (ft.) =

1136+00 Fully_Trench 2 ft and Discharge 1 ft_.xls
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ATTACHMENT E 
 

Plan and Profile of Proposed Relief Well Layout 
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ATTACHMENT F 
 

Recommended Filter Gradation Range 
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FRWL UPRR - Gradation Plot for Filter Design 

Range of Aquifer Gradation

Acceptable Filter Range based on National
Engineering Handbook

CEMEX #2/12 (Nominal Sieve No. 12-20)

U.S. Standard Sieve Sizes

1" 3/4" 1/2" 3/8" #4 #8 #12 #16 #20 #30 #40 #70 #100 #200#50
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ATTACHMENT G 
 

Trench Log Data between Station 1124+00 and 
1138+00 

  



Subsurface Conditions from Trench Log Data 
 
 
 
 

 
 

- Clay 
- Silt  
- Clayey/Silty Sand 
- Poorly Graded Sand 

 

Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill Type I Fill

(CL)s (CL)s (CL)s (CL)s 
(CL)s (CL)s (CL)s (CL)s 75 80 80 85 CL
80 (CL)s s(CL) (CL)s 75 75 80 90

80 75 75 (CL)s
75 (CL)s

75

end of shift - 12 feet

SC SP-SM 
SP-SM 40 end of shift (18 ft) 10 60
10 CL s(CL) SC

SP-SM 90 CL 60 60
10 Sp-SM 90 CL CL SC-SM 

10 90 90 SP SP-SM 15
5 10

SP-SM 
10

SP CL
5 SM 90 SP SP 

CL 25 5 5
90 CL SP SP-SM

90 CL 5 SP 10
90 5 SP-SM

SP-SM end of shift - 33 feet 15
SP-SM 10
10 SP-SM

10 CL CL
95 90

CL SP
90 CL 5

90 CL CL SP
90 SM 95 SP 10

40 5

CL end of shift (46 feet) CL
90 CL 90

90 (CL)s 
CL 80

90

SP 

SP-SM SP-SM 5

10 10

SM SP end of shift (54 feet) ` `

40 5

10 s(ML) s(ML) 

SM SP SP-SM 60 55

40 5 SP-SM SM

10 35

end of shift - 60 feet end of shift (60 feet)

SP SM

5 25

CL s(CL)

90 CL 70

90 s(CL) s(CL) SP

70 70 5

CL

CH (CL)s SM 90

CL 95 85 30 CH end of shift

CL 95 CH CH CH 95 (CL)s 85

SP 95 95 95 95

5 CH

SM 95

15 SM SM

15 15

At Station 1136+15, Tip Elevation 0, Depth 77 end of shift (77 feet)

design dip depth = 77 feet BGS

s(ML) 

Sta 1126+80 Sta 1136+15 Sta 1124+00 Sta 1138+00 

SC (40%) 

Approx. LS levee toe elev. 
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ATTACHMENT H 
 

Plan View Analysis Results 
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