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Elevation, ft

Freeport Thumb Waist Historical Soil Strength Information
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Figure 2. Cohesion vs. Depth
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Elevation (ft)

100 — Freeport Thumb Waist Undrained Condition With the Underwater Berm According to

78-242 and 78-243 Near Channel Station 150+00 on Top of The Levee Tension Crack Option: Tension Crack Line
Coordinate: (430, 6) ft
Coordinate: (498, 6) ft
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Freeport Thumb Waist Channel Around Sta. 150+00 Cross Section Distance (ft)

Color | Name Unit Cohesion' | Phi' | Piezometric
Weight | (psf) (°) |Line
(pcf) Notes:
- - Limited strength information is available, undrained shear strength is correlated
D EiLljlrncane Flood Protection Levee | 125.9 1,000 0 1 with the following tests:
D CH- At bottom (-56' to -66') very | 126.5 1,375 0 1 1. ASTM D 1586, standard penetration tests (S.P.T),
firm 2. hand penetrometer tests,
3. ASTM D2116, unconfined compression test,
D CH from 78-242 103.8 500 0 1 4. ASTM D2850, Unconsolidated-Undrained Triaxial Compression Test.
[[] | SMwith Organic (-19'to -56') No | 120 0 27 |1
blow count info
D Very soft Layer below the levee (| 125 300 0 |1
Mixture of SM CL SC CH)

Figure 3. Sta. 150+00 With Underwater Berm




Elevation (ft)

100 — Freeport Thumb Waist Undrained Condition Without the Underwater Berm According to
78-242 and 78-243 Near Channel Station 150+00 on Top of The Levee
Tension Crack Option: Tension Crack Line
Coordinate: (430, 6) ft
50 — i :
0.848 Coordinate: (494, 6) ft
o
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Freeport Thumb Waist Channel Around Sta. 150+00 Cross Section Distance (ft)
Color | Name Unit Cohesion' | Phi' | Piezometric Notes:
\(/gglf?ht (psf) & | =he Limited strength information is available, undrained shear strength is correlated with the following tests:
D 1. Hurricane Flood Protection Levee | 125.9 1,000 0 1 1. ASTM D 1586, standard penetration tests (S.P.T),
Fill 2. hand penetrometer tests,
, N 3. ASTM D2116, unconfined compression test,
D 5. CH- At bottom (-56' to -66') 126.5 1,375 0 1 4. ASTM D2850, Unconsolidated-Undrained Triaxial Compression Test.
I |4 CH from 78-242 1038 | 500 0 |1 5. Engineering Judgment.
D 3. SM with Organic (-19' to -56') No | 120 0 27 |1
blow count info
D 2. Very soft Layer below the levee ( | 125 300 0 1
Mixture of SM CL SC CH)

Figure 4. Sta. 150+00 Without Underwater Berm
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Elevation (ft)
\

Port of Freeport Dow Thumb Waist Area With Berm
Station 157+00 Region With Boring 78-244, 78-245 and 78-246

Ayt

Tension Crack Option: Tension Crack Line
Coordinate: (440, 6) ft
Coordinate: (500, 6) ft
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Freeport Thumb Waist Channel Around Sta. 157+00 Cross Section Distance (ft)

Color | Name Model Unit Cohesion' | Phi' | Piezometric
Weight | (psf) © Line
(pcf)
D CH, very firm -51' to | Mohr-Coulomb | 120.4 | 1,500 0 1
-60'
I:‘ SP-SM, Medium Mohr-Coulomb | 115 0 327 |1
Dense -38' to -50'
D CH, very soft Mohr-Coulomb | 104.8 | 300 0 1
D SM, Medium Dense | Mohr-Coulomb | 115 0 351 |1
D Levee Fill Mohr-Coulomb | 120 1,000 0 1
D CL-2'to-5 Mohr-Coulomb | 124.1 350 0 1
D SP-SM higher thin | Mohr-Coulomb | 110 0 309 |1
layer

Figure 5. Sta. 157+00 With Underwater Berm
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Elevation (ft)

100 — Port of Freeport Dow Thumb Waist Area Without Berm at
Station 157+00 Region With Boring 78-244, 78-245 and ) i )
782-1232 egion Tiith Boring an Tension Crack Option: Tension Crack
Ooerdinate: (445, 6) ft
50 — 0.915 Coordinate: (510, 6) ft
o
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Freeport Thumb Waist Channel Around Sta. 157+00 Cross Section Distance (ft)

Color | Name Model Unit Cohesion' | Phi' | Piezometric
Weight | (psf) @) Line
(pcf)
D 1. CH, very firm -51' | Mohr-Coulomb | 120.4 | 1,500 0 1
to -60'
D 2. SP-SM, Medium Mohr-Coulomb | 115 0 327 [1
Dense -38' to -50'
D 3. CH, very soft Mohr-Coulomb | 104.8 | 300 0 1
D 4. SM, Medium Dense | Mohr-Coulomb | 115 0 35.1 |1
D 7. Levee Fill Mohr-Coulomb | 125.9 1,000 0 1
D 6.CL-2'to -5' Mohr-Coulomb | 124.1 350 0 1
D 5. SP-SM higher thin | Mohr-Coulomb | 110 0 30.9 |1
layer

Figure 6. Sta. 157+00 Without Underwater
Berm




Elevation (ft)

100

— 1
Freeport Tumb Waist Undrained Condition With the Underwater Berm According to
Velasco Drainage District Boring ORN-05 Obtained on Jan 16 2011 and SWG
288449 with underwater cut Slope of 1 vertical 2.5 horizontal
50 Tension Crack Option: Tension Crack Line 5
1.155 Coordinate: (365, 6) ft
° Coordinate: (430, 6) ft
0 e e e ;.--3,.-- 0
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Freeport Thumb Waist Around Sta.166+00 to Sta.170+00 Cross Section Distance (ft)

Notes:

Limited strength information is available, undrained shear strength is correlated with the following
tests:ASTM D 1586, standard penetration tests (S.P.T),

2. hand penetrometer tests,
3. ASTM D2116, unconfined compression test,

4. ASTM D2850, Unconsolidated-Undrained Triaxial Compression Test.

Color | Name Unit Cohesion' | Phi' | Piezometric

Weight | (psf) (°) | Line
(pcf)

. Hurricane Flood Protection Levee Fill | 125.9 1,000 0 1

. CL- Lean Clay below the fill 110 375 0 1

. SC - Below the CL layer 110 500 0 1

. CH- between SC layers (-32' to -52') | 111.4 | 600 0 1

D SC- between CH layers (-52' to -56') | 115 1,500 0 1

7] | CH- At bottom (-56' to -64) 126.5 | 1,400 0 |1

Figure 7. Sta. 166+00 to Sta. 170+00 With Underwater

Berm




Elevation (ft)

100 —

Freeport Thumb Waist Undrained Condition Without the Underwater Berm Condition According to
Velasco Drainage District Boring ORN-05 Obtained on Jan 16 2011 and SWG 78-247, 248, 249
with underwater cut Slope at 1 vertical 2.5 horizontal Tension Crack Option: Tension Crack Line
Coordinate: (430, 6) ft
50 — 0.983 Coordinate: (498, 6) ft
[
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Freeport Thumb Waist Around Sta.166+00 to Sta.170+00 Cross Section Distance (ft)

Color | Name Unit Cohesion' | Phi' | Piezometric
Weight | (psf) (°) |Line
(pcf)
. Hurricane Flood Protection Levee Fill | 125.9 1,000 0 1 Notes:
CL- Lean Clay below the fil 110 3 0 ) Limited strength information is available, undrained shear strength is correlated with the following tests:
[ | CL-Lean Clay below the fi 75 ASTM D 1586, standard penetration tests (S.P.T),
hand penetrometer tests,
. SC - Below the CL layer 110 500 0 |1 ASTM D2116, unconfined compression test,
ASTM D2850, Unconsolidated-Undrained Triaxial Compression Test.
. CH- between SC layers (-32' to -52') | 111.4 600 0 1
D SC- between CH layers (-52' to -56") | 115 1,500 0o |1
D CH- At bottom (-56' to -64") 126.5 | 1,400 0 1

Figure 8. Sta.166+00 to Sta. 170+00 Without Underwater Berm




Elevation (ft)

100 — Freeport Thumb Waist Drained Condition (Long term or Current Condition) With the
Underwater Berm According to Velasco Drainage District Boring ORN-05 and 78-247, 248, 249
Tension Crack Option: Tension Crack Line
Coordinate: (430, 6) ft
50 — 1.449 Coordinate: (485, 6) ft
o
-50 —
-100 —
150 | | | | | | |
-200 -100 0 100 200 300 400 500 600
Freeport Thumb Waist Around Sta.166+00 to Sta.170+00 Cross Section Distance (ft)
Color | Name Unit Cohesion' | Phi' (°) | Piezometric )
Weight | (psf) Line Notes:
(pcf) Very limited effective shear strength information is available, frictional angles are correlated
with the following:
. Hurricane Flood Protection Levee Fill | 135 50 225 |1
- * Effective friction angles are correlated to PI according to EM 1110-2-1913 with
. CL- Lean Clay below the fil 110 0 243 1 10% reduction from the line of best fit.
. SC - Below the CL layer 110 0 25 1
. CH- between SC layers (-32'to -52') | 111.4 0 234 1
D SC- between CH layers (-52' to -56') | 115 0 27 1
D CH- At bottom (-56' to -64') 1265 |0 17.1 1

Figure 9. Sta.166+00 to Sta. 170+00 Drained Condition

700




Elevation (ft)

Type: Pile

Freeport Thumb Waist Undrained Condition Reinforcing with Pipe AZ System (PAZ24/AZ19-700) Length: 55 ft
Without the Underwater Berm Condition According to Velasco Drainage District Boring ORN-05 Direction: 90 °
100 — Obtained on Jan 16 2011 and SWG 78-247, 248,249 with underwater cut Slope at 1 vertical 2.5 horizontal Shear Force = 0.5*fy*A=:218,500 Ibs
Shear Reduction Factor: 1
80 — Tension Crack Option: Tension Crack Line
60 — Coordinate: (340, 6) ft
Coordinate: (396, 6) ft
40 — Reinforcing with
Steel Pipe AZ/IPZ
20 —
0 —
-20 —
40 —
-60 —
-80 —
-100 —
120 | | | | | | | | |
-200 -100 0 100 200 300 400 500 600 700
Freeport Thumb Waist Around Sta.166+00 to Sta.170+00 Cross Section Distance (ft)
Color | Name Unit Cohesion' | Phi' | Piezometric
Weight | (psf) (°) |Line
(pcf)
[l | Hurricane Flood Protection Levee Fill | 125.9 | 1,000 0 |1
Notes:
. CL- Lean Clay below the fill 110 375 0 1 1. Limited strength information is available, undrained shear strength is correlated with the following tests:
* ASTM D 1586, standard penetration tests (S.P.T),
. SC - Below the CL Iayer 110 500 0 1 * hand penetrometer tests,
; ; * ASTM D2116, unconfined compression test,
. CH- between SC layers (-32'to -52') | 111.4 600 0 1 * ASTM D2850, Unconsolidated-Undrained Triaxial Compression Test.
. . : - 5 3 f ADY =
D SC- between CH layers (-52' to -56') | 115 1,500 0 1 2. Shear force from steel foundation reinforcing system = 0.5*50ksi*8.74(inch*2) = 218,500 Ibs
D CH- At bottom (-56' to -64') 126.5 | 1,400 0 |1

Figure 10. Sta.166+00 to Sta. 170+00 Steel Pipe AZ or PZ Combined Reinforcing System




Elevation (ft)

110 —

Freeport Thumb Waist Undrained Condition Reinforcing with Mixing in Place column

Tension Crack Option: Tension Crack Line
Coordinate: (430, 6) ft
Coordinate: (490, 6) ft

\
\
A

\Note 2: High strength material:
Mixipg in Place column with pement/lime |

200 300 400 500 600 700

Freeport Thumb Waist Around Sta.166+00 to Sta.170+00 Cross Section Distance (ft)

Notes:

1. Limited strength information is available, undrained shear strength is correlated with the following tests:
*ASTM D 1586, standard penetration tests (S.P.T),
* hand penetrometer tests,
* ASTM D2116, unconfined compression test,
* ASTM D2850, Unconsolidated-Undrained Triaxial Compression Test.

2. Foundation reinforcing with Portland cement/lime deep soil mixing. The reinforcing is modeled with
default high strength function of Slope/W which assumes the strength is very high therefore any slip
surface will not be able to shear through the material layer.

Without the Underwater Berm Condition According to Velasco Drainage District Boring ORN-05
%0 — Obtained on Jan 16 2011 and SWG 78-247, 248,249 with underwater cut Slope at 1 vertical 2.5 horizontal
70 —
50 —
30 —
10 —
-10 —
-30 —
_50 —
-70 —
-90 —
-200 -100 0 100
Color | Name Unit Cohesion' | Phi' | Piezometric
Weight | (psf) (°) |Line
(pcf)

. Hurricane Flood Protection Levee Fill 125.9 | 1,000 0 1

. CL- Lean Clay below the fill 110 375 0 1

. SC - Below the CL layer 110 500 0 |1

. CH- between SC layers (-32' to -52') 11.4 | 600 0 1

D SC- between CH layers (-52' to -56') 15 1,500 0 1

I:] CH- At bottom (-56' to -64") 126.5 | 1,400 0 1

I:‘ Mixing in Place column with cement/lime | 110 1

Figure 11. Reinforcing with Deep Soil Mixing




100 —

Type: Pile

Freeport Thumb Waist Undrained Condition With the Underwater Berm According Total Length: 55 it

ft8-242 and 78-243 Near Channel Station 150+00 on Top of The Levee

Shear Force: 218,500 Ibs

Length: 55 ft

Tension Crack Option: Tension Crack Line
Coordinate: (430, 6) ft

Coordinate: (490, 6) ft

N 1.481
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Freeport Thumb Waist Channel Around Station 150+00 Cross Section Distance (ft)

Color | Name Unit Cohesion' | Phi' | Piezometric

Weight | (psf) (°) |Line
(pcf)

Hurricane Flood Protection Levee Fill 125.9 1,000 0 1

CH- At bottom (-56' to -66") 126.5 1,375 0 1

. CH from 78-242 103.8 500 0 1

SM with Organic (-19' to -56') No blow | 120 0 27 |1

count info. available, assumed frictional

angle

Very soft Layer below the levee ( 125 300 0 1

Mixture of SM CL SC CH)

Figure 12. Sta. 150+00 Steel Pipe AZ or PZ Combined Reinforcing System

Notes:
Limited strength information is available, undrained shear strength is correlated with the following tests:

1. ASTM D 1586, standard penetration tests (S.P.T),

2. hand penetrometer tests,

3. ASTM D2116, unconfined compression test,

4. ASTM D2850, Unconsolidated-Undrained Triaxial Compression Test.
5. Engineering Judgement.




Elevation (ft)

Port of Freeport Thumb Waist Area Boring 78-244, 78-245 and 78-246
Sta 157+00 Region without Berm with Reinforcing

Type: Pile

Total Length: 42 ft

Shear Force = 0.5*fy*A =:218,500 Ibs
ension Crack Option: Tension Crack Line

Coordinate: (440, 6) ft

Coordinate: (500, 6) ft

50 —
2.130
[}
RS i 1 A1 017
0= -------"----------------"-----------"----------------"-"""""""""""""""""""""""";;1;“".‘:-'—' =
]
. s
1
_50_++%%%%%#%###%%#%%%%%h#%%%‘/@w
100 | | | | | | | |
-200 -100 0 100 200 300 400 500 600 700
Freeport Thumb Waist Channel Around Sta. 157+00 Cross Section Distance (ft)
Color | Name Model Unit Cohesion' | Phi' | Piezometric
Weight | (psf) (°) Line
(pcf)
CH, very firm -51' to | Mohr-Coulomb | 120.4 1,500 0 1
-60'
Note:
SP-SM, Medium Mohr-Coulomb | 115 0 32.7 |1
Dense -38' to -50' 1. Limited strength information is available, undrained shear strength is correlated with the following
tests:
CH, very soft Mohr-Coulomb | 104.8 300 0 1 *ASTM D1586, standard penetration tests (S.P.T);
_ * hand penetrometer tests;
SM, Medium Dense | Mohr-Coulomb | 115 0 351 |1 * ASTM D2116, unconfined CompreSSion teSt;
) *ASTM D2850, Unconsolidated-Undrained Triaxial Compression Test.
Levee Fill Mohr-Coulomb | 125.9 1,000 0 1
2. Shear force from steel foundation reinforcing system = 0.5*50ksi*8.74(inch”2) = 218,500 Ibs
CL-2'to -5' Mohr-Coulomb | 124.1 350 0 1
SP-SM higher thin | Mohr-Coulomb | 110 0 309 |1

layer

Figure 13. Sta. 157+00 Steel Pipe AZ or PZ Combined Reinforcing System
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FREEPORT HARBOR, TEXAS

(45-FOOT PROJECT)

PHASE 1II

GENERAL DESIGN MEMORANDUM NO. 1

I HIII
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|
) (0 s ]

U.S. ARMY ENGINEER DISTRICT, GALVESTON
CORPS OF ENGINEERS
GALVESTON,TEXAS

7] APRIL 1979



23 .
SWDED-TG (SWGED-DP 10 May 79)! 5th Ind - JULY 1950
SUBJECT: Freeport Harbor, Texas (45-Foot Project) Phase II General Design

{
i

Memorandum i

DA, Southwestern Division, Corps of Engineers, Main Tower Building, 1200 Main

9

Street, Dallas, TX 75202 |

TO: District Engineer, Galveston, ATTN: SWGED-DP
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DAEN-CWE-BB (SWGED-DP, 10 May

SUBJECT: Freeport Harbor, Tex
General Design Memor

DA, Office of the Chief of Eng

TO: . Division Engineer, Southw

The information furnished and
are satisfactory.

FOR THE CHIEF OF ENGINEERS:

wd all incl
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ineers, Washington, D.C. 20314 8 July 1980

astern, ATTN: SWDED-TG
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SWDED-TG (SWGED-DP 10 May 79)
SUBJECT:

¢ Design Memorandum
DA, Southwestern Division, Cory
Street, Dallas, TX 75202 1

TO: HQDA(DAEN-CWE-BB), WASH D
1. Reference 6th Indorsement,
31 October 1978, subject: Fre

Phase I GDM and Environmental

2. ~DAEN-CWE comments on the E

Freeport Harbor, Texas,

3d Ind
(45-Foot Project) - Phase II General

ps of Engineers, Main Tower Building, 1200 Main
6 J g

C. 20314

DAEN-CPW-C, 16 April 1979, to letter SWGED-PA,

eport Harbor, Texas (45-Foot Project) - Final
Statement, which approved the Phase I GDM.

hase I GDM were omitted from the above review

‘and approval but were subsequently transmitted to SWD and SWG in'a letter

dated 11 September 1979. Galy
presented in paragraph 2 of th

FOR THE DIVISION ENGINEER:

3 Incl
wd 4 cy. incl 3-5

eston District's response to these comments is
e 2d Indorsement. SWD concurs in this response.

A

. TERRY COOMES, P.E.
Acting Chief, Engineering Division




~ SWGED-DP (10 May 79) 2d
- -SUBJECT: Freeport Harbo
e *v Phase II Gener

DA, GaIveston D1str1ct
;,Texas 77553 3 June 198
;TO'- D1v1s1on~En91neer,

1. The foIIow1ng respon
;Ist Ind

Paragraph a. Co
>prepared and submitted (

- of the requirements for

as stated in the 6th ‘Ind}
2 of basic Tetter.

'Paragraph b. €o

b,
: o; Paragraph c. Co
d. Paragraph d. Re

b SWGED-DP, 30 November 19

Project) - Construct1on,
- furn1shed plans and spec

v Paragraph e. Lo
: channeI will be moved on
foot channel centerI1ne
reduction in estimated d
cubic yards. It should

- channel will be the sout

"for widening of the entra
tional channel enIargeme

~ Details of the revised ¢
plans and spec1f1cat1ons.

A ‘The minor commen
~ments 5 and 6. Response
. 1in above paragraph 2d.
~ graph-14.3, pg 16, prese
~items of the proaect A
. quantities and cost are

Ind :
r, Texas, (45 Foot PrOJect) -
al Design Memorandum

,’93 JUH 1980

Lorps of Eng1neersg,P0~Box~1229;TGaIVest0n;
) ey O

Southwestern

ses are in reference~to comments made in the

ncurs; however, at the t1me the Phase II GDM was
10 May 1979), the District was not fully aware

2 feasibility report for the 5- foot increment
dated 16 Apr11 1979 referenced in paragraph

ncur; reV1sed pages 2 and 17 1ncIosed
ncur; rev1sed page 7 1ncIosed

sponse to this comment 1s conta1ned in. letter
79, subject: Freeport Harbor, Texas, (45-Foot
RemovaI, and Rehab111tat1on of Jett1es which
ifications for approvaI ,

ncur. The centerline of the proposed 45- foot
ly 220 _feet..to-the-north.from thewex1st1ngd36-;
in lieu of 320 feet. This will result in a
redging quantities of approx1mate1y 1.7 million
be noted; however, that the toe of the proposed
nernmost Timit of any poss1bIe future deepening
hce and jetty channels.. Therefore, any addi-
nt will be directed toward the new: North Jetty.
hannel aI1gnment w1II be presented in approvaI

ts are concurredain,with the}eXCeption of com-
to comment 5 is contained in letter referenced
[n reference to comment 6, the table for para-
nts a summary of est1mated cost for principal
breakdown of justified overdepth dredging
g1ven in Append1x B of the subJect DM. i




' ~':f;1nclosed

"x7,sfpresents design depth cor
only.

{a11owance ‘was based on fa

. osels.
~f:k€conc1uded that for a vast
s at least 2 feet above
. vessels moving on the jet
- water intake will be at 1

,v_;*paragraph 81 in the Phase
. mined by using minimum cr
- and a large genera] cargo
 these vessels are 110 fee

" one- -way traffic w111 pre
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SWDED-TG (SWGED~DP 10 May 79) 1st Ind
SUBJECT: Freeport Harbor, Texas (45-Foot Project) Phase II General
Design Memorandum

DA, Southwestern Division, Corps of Engineers, Main Tower Building,
1200 Main Street, Dallas, TX 75202 - JUNE 1979

TO: District Engineer, Galveston

The subject design memorandum is approved subject to the following com-
ments. Major comments are included in the body of this indorsement while
minor comments are attached separately.

a. Transmittal 1ltr, para 3, and p 7, para 6.1, The referenced para-
graphs indicate that a PAC summary report is being processed to Congress
to obtain legislative approval of the recommended 50-foot project depth.
However, OCE has advised that a feasibility report is required for the
5~foot increment (see 2d, 6th, and 7th Indorsements to the correspondence
referred to in paragraph 2 of your transmittal letter).

b. P 17, Sec XV. This section should be revised to comply with
EC 1110-2-193 entitled "Post—-Authorization Studies - Phase I1I,"” dated
20 April 1979. In this regard the B/C ratio is required under "Pertinent
Data,” while a description of the estimated average annual benefits is
not required in the Phase II GDM. An increase in estimated benefits of
26 percent "based on current price levels” is questionable. Since a
reevaluation of benefits will be required to support the feasibility
report for the 50-foot project, it is recommended that the description of
average annual navigation benefits be excluded from the Phase 11 GDM and
the "updated"” BCR shown be footnoted to indicate that an ENR index was
used.

¢. Transmittal 1ltr, para 3; p 1, para 1l.4; and p 3, para 3.1.1.
Local acquisition of the mitigation lands should not be identified as a
departure from the approved Phase I GDM. The final environmental state-
ment was revised to cover impacts for both the authorized 45-foot project
and the recommended deepening to 50 feet and to include acquisition of
mitigation lands by local interests prior to initiation of physical con-
struction. Also, letters and indorsements to the Phase 1 GDM regarding
local rather than Federal acquisition and cost sharing for compensatory
lands, constitute a change within the Phase I GDM even though the basic
report was not revised. Accordingly, paragraphs 1.4 and 3.1.1 should be
deleted. Also, paragraph 3 of the transmittal letter should be revised
to indicate that the final environmental statement and OCE approval of
the Phase I GDM provide for project construction to be accomplished in
two stages:

(1) Construction of the authorized 45-foot project, including
the acquisition of mitigation lands.



22 JUME 1979
SWDED-TG (SWGED-DP 10 May 79) 1st Ind
SUBJECT: Freeport Harbor, Texas (45-Foot Project) Phase II General
Design Memorandum

(2) Construction of the additional 5-foot inérement (50-foot
project) after Congressional authorization.

d. P 5, para 5.6 and p 12, para 1l.1l. Reference ETL 1110-2-242,
Stability Coefficients for Placed Stone Jetties, 2 April 1979. Prior to
completion of the contract plans, Galveston District should explore the
availability of elongated stone shapes from local quarries and determine
if placed stone procedures as outlined in the ETL would be a feasible and
economically advantageous design for the Freeport Jetties.

e. Pl 2. The centerline of the proposed channel has been shifted
320 feet from centerline of existing channel. To consider previous
dredging in the existing channel and to reduce the quantity of new dredg-
ing, it would appear feasible to obtain the required 400-foot channel
width by maintaining the existing west slope and extending the channel
400 feet from that point. Since bend-easing approaching the lower turn-
ing basin is desirable and apparently the reason for shifting the exist-
ing channel, the easing could be accomplished by widening the channel on
both left and right sides as the turning basin is approached.

FOR THE DIVISION ENGINEER:

1 Incl R. H. BERRYHILL, P.E,

wd incl 1 Chief, Engineering Division
Added 1 incl

2, as

CF: w/incl 1 & 2
HQDA( DAEN~CWE-BB)



SWD Minor Comments
Phase II GDM
Freeport Harbor, Texas

1. P 6, para 5.6.3. The discussion of enlargement of the channel should
be qualified by adding the words "...if and when authorized.”

2., P9, para 7.4. Reference should be made to Plate 5 in this narra-
tive.

3. P 10, para 8.2. Disposal Area No. 5 is shown on Plate 1l; however, it
is not discussed in paragraph 8.2. This disparity should be resolved.

4, P 10, para 10.1. When the results of additional studies in connec-
tion with the National Historic Preservation Act are completed, the final
EIS should be supplemented if it is determined to be deficient.

5. P 12, para 11.2. The first sentence of this paragraph should also
exclude the use of cherty materials.

6. P 15, para 14.3. The quantities and costs of justified overdepth
dredging should be stated separately.

7. P 19, para 17.1. A description of the operation and maintenance
staff including number, positions, and location should be presented in
this paragraph.

8. P 19, para 18.1. The recommendation should have more substance and
succinct conclusions on which to base a more positive recommendation for
the project.

9. General. Plates 1-5 should follow page 19 (before the appendixes).

Iuck‘v



DEPARTMENT OF THE ARMY
GALVESTON OISTRICT,CORPS OF ENGINEERS
P.0.80X 1229
GALVESTON, TEXAS 77553

REPLY TO
ATTENTION OF)

SWGED-DP 10 May 1979

SUBJECT: Freeport Harbor, Texas (45-Foot Project) Phase II
General Design Memorandum

Division Engineer, Southwestern

1. Subject design memorandum is submitted for review and approval.

2. The Phase II GDM has been prepared in accordance with paragraph 3
of DAEN-CWP-C (SWGED-PA, 31 October 1978) 6th Ind dated 16 April 1979,
subject: Freeport Harbor, Texas (45-Foot Project) - Final Phase I
General Design Memorandum and Environmental Statement, which approved
the Phase I GDM as a basis for detailed engineering and design of the
45-foot project.

3. The Phase I GDM recommended a 50-foot project, but approval was
requested of the authorized 45-foot project to enable jetty construc-
tion, identical for either project depth, to be initiated pending review
of a Post Authorization Change Summary Report for the 50-foot project.

FOR THE DISTRICT ENGINEER:

1 Incl (14 cy) SOSEPH C. TRAHAN

GDM Chief, Engineering D

ision

75 copies prepared
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FREEPORT HARBOR, TEXAS
45-FOOT PROJECT

PHASE II
GENERAL DESIGN MEMORANDUM NO. 1

I GENERAL

1.1 General.- This general design memorandum presents the proposed
plan for accomplishing the authorized 45-foot project modifications
to the existing project in accordance with the approved Phase I GDM.
Approval of this report will permit the orderly preparation of all
dredging and construction plans and specifications.

1.2 Datum.- Elevations and depths refer to U. S. Corps of Engineers
mean low tide datum, unless otherwise noted.

1.3 Proposed plan.- The proposed plan consists of modifying the
existing project at Freeport Harbor to provide generally for deep-
ening, realigning, and enlarging the main channels and turning
basins from existing depths of 36 feet to depths of 45 feet, and
deepening the existing Brazos Harbor channel and turning basin from
a project depth of 30 feet to a depth of 36 feet. The project also
provides for relocation of the North Jetty, rehabilitation of the
existing South Jetty, and inclusion of public use facilities such
as parking areas, sanitary facilities, and handrailings on the
breakwaters for the safety and well being of visitors to both
jetties.

1.4 Proposed change from Phase I GDM.- The only change in the 45-
foot proJject pTan made subsequent to approval of the Phase I GDM
involves the acquisition and cost sharing for compensatory lands.
The Phase I GDM plan provided for acquisition by the Federal
Government of 400 acres of tidal wetlands for the purpose of com-
pensating for environmental damages resulting from disposal of
dredged material on coastal prairie habitat, with the costs to be
shared between Federal and non-Federal interests in the same ratio
as the total project costs. This would have required additional
Congressional approval which would entail considerable delay in
the start of construction. Therefore, the local sponsor, in an
effort to facilitate an early construction start, has agreed to
acquire and bear the full cost of all required compensatory lands

- without prospect of Federal reimbursement.



II
2.1 First Costs.-

Federal first cost
Non-Federal first cost

PERTINENT DATA

Total Federal and non-Federal first cost

2.2 Annual Charges.-

2.3 Annual Benefits.-

2.4 Benefit - Cost ratio.-

2.5 Physical Features.-

Section of Waterway

Entrance Channel
Jetty Channel

Lower Turning Basin

Channel to Brazosport T.B.

Brazosport Turning Basin

Channel to Upper Basin

Upper Turning Basin

Brazos Harbor Channel

Brazos Harbor Turning Basin

let new location.

$52,491,000

6,757,000
$59,248,000

$ 6,365,000

$43,276,000
6.8
Existing Authorized
Project and Proposed
Dimensions Dimensions
(in feet) (in feet)
Depth Bottom Depth - Bottom
(M.L.T.) Width (M.L.T.) Width
38 300 47 400
36 200 45 400
NONE 45 750
(DIA.)
36 400 45 400
36 700x 45 1,000
700 (DIA.)
36 375 45 375
36 600 45 1,200"
600 (DIA.)
30 200 36 200
30 550% 36 750
600 ' (DIA.)



Jetties
North Jetty
South Jetty (Rehab)

Offshore &
Shore Portion
Elev. Length

Inshore
Portion
Elev. Length

+8.0 4,200'
+8.0 4,600'

Recreational area facilities at each jetty.-

Asphalt parking area
Comfort station

Water supply and electrical system
II1I

3.1 Requirements of local cooperation.-

+4.5 3,500
+4.5 2,040'

Minimal Tlandscaping
Handrailings on jetty

LOCAL COOPERATION

Asphalt jetty walkway

The requirements of local

cooperation as specified in the project document are quoted in para-

graph 4 of the Phase I GDM.

The Brazos River Harbor Navigation

District, the local sponsor, has indicated their willingness to
fulfill the requirements of local cooperation.
of construction, the United States Government and the Brazos River
Harbor Navigation District will enter into a contractual agreement
as required by Section 221 of the Flood Control Act of 1970 (Public

Law 91-611).

Prior to initiation

3.1.17 In addition to the above the local sponsor has recently
adopted a resolution for immediate acquisition of the required
compensation lands at local expense and without prospect of Federal
reimbursement, as discussed in paragraph 1.4.

4.1 Project location.-

IV PROJECT LOCATION

The project is located on the central coast

of Texas, in the original channel mouth of the Brazos River, approxi-

mately 60 miles south of Houston as shown on Plate 1.

The tributary

area served by the project consists of a 17 county area including
Walker, San Jacinto, Polk, Montgomery, Liberty, Washington, Waller,
Harris, Chambers, Fayette, Austin, Ft. Bend, Galveston, Colorado,

Wharton, Matagorda, and Brazoria Counties.

The immediate area

served by the project, known as Brazosport, is made up of numerous
small cities and towns including Freeport whose economy is primarily
dependent upon the petroleum and petrochemical industries. There
are also facilities at the harbor which import crude petroleum for
distribution to midwest refineries through a network of pipelines.



V  GEOLOGY AND SOILS

5.1 General geology.- The Freeport harbor project area is situated
in the eastern portion of the Colorado-Brazos deltaic plain. Forma-
tions across the plain become progressively younger in the seaward
direction. These formations consist of sediments deposited during
the Cenezoic era. Beach areas in the vicinity are comprised primarily
of Tittoral sands and shell of Recent age. Heavy calcareous clays
with interbedded silt and sand strata, Pleistocene in age, underlie
the Recent sediments. The natural land surface slopes gradually
upward from elevations of about 3 to 4 feet above mean sea level
behind the beaches to an elevation of 15 feet above mean sea level
about 15 miles inland.

5.2 Soils investigations.- The locations and logs of borings
obtained in the Freeport Harbor area are shown on Exhibits 1 and

2. Forty-nine undisturbed Shelby tube borings have been obtained

in the jetty and harbor areas during the period between November
1962 and September 1978. Twenty-three of these borings have been
obtained on land and twenty-six in the water. The borings generally
have been drilled to elevations ranging between 40 and 90 feet below

MLT. Borings 78-241 thru 78-249 were drilled in September 1978
for determining the channel slope stability adjacent to Dow Plant A.

5.3 Testing.- Laboratory testing included moisture content deter-
mination ana visual classification on all samples, and pocket pene-
trometer readings and unit dry weight determination on all undisturbed
samples. Identification testing, performed on representative samples
to accurately classify each stratum, included mechanical analyses,
liquid Timit tests, and plastic 1imit tests. Further testing included
unconfined compression and triaxial "Q" compression tests. These
tests were performed on typical materials for use in slope stability
studies. Analyses of sediment samples from numerous borings along

the harbor area were made to determine the concentration of various
pollutants. Results of foundation strength tests are shown on
Exhibits 3, 4 and 5.

5.4 Channel design.- The soils to be excavated during harbor
enlargement will consist of clays and sandy clays ranging in con-
sistency from very soft to hard and very loose to very dense silty
sands, sandy silts and clayey sands. Dredging of these materials
is not expected to present unusual problems. The project channels
and basins will be dredged to the depths discussed in paragraph
7.1. The proposed channel side slopes of one vertical on three
horizontal are considered safe from shear failure based on results
obtained from stability analyses performed on what is believed to
be the most critical cross sections. The most critical areas are




adjacent to Dow Plant A where analysis of the existing levee and
channel slopes indicate factors of safety as low as 1.16. The
edge of the proposed channel has been relocated away from the
existing levee and channel slope to prevent unloading the toe.
Close control of initial construction and maintenance dredging
will be required to prevent overdredging to maintain existing
stability. A stability analysis of the channel side slopes at
channel mile 2.9 adjacent to Dow Plant A is shown as Exhibit

No. 6.

5.5 Soil conditions.- The soils to be excavated in enlarging

the entrance channel consist of stiff clays and will be excavated
by hopper dredge. The soils to be excavated in deepening, widening
and realignment of the jetty channel consist of about 600,000 cubic
yards of sand and 700,000 cubic yards of silt and clayey materials.
The sand 1ies above elevation -20 in the relocated channel between
the ol1d and new North Jetties. These materials will be excavated
by pipeline dredge. The soils to be excavated during enlargement
of all other channels and basins consist of soft to stiff clays

and sandy clays. These materials will be excavated by pipeline
dredge. Excavated materials will be disposed of as discussed in
paragraph 8.2.

5.6 Jetty design.- The design of the new North Jetty is based on
the criteria presented in Appendix III of the survey report, "Review
of Reports on Freeport Harbor, Texas (45-Foot Project)", April 1970.
The design was updated during preparation of the Phase I GDM to
reflect current design procedures. The design in this report is

the same as presented in the approved Phase I GDM.

5.6.1 Cover stone sizes for the various reaches of the jetty were
determined by methods outlined in the "Shore Protection Manual,"
Coastal Engineering Research Center, 1977, using damage factors of
2.3 and 2.0 for the trunk and head, respectively. Design wave
heights used in sizing the cover stone were determined by techniques
described in Beach Erosion Board Technical Memorandum No. 84 and

are considered to be characteristic of a storm expected to occur

in the project area once in 100 years. The design wave height at
the seaward end of the jetties for these conditions is 18.4 feet.

5.6.2 The new North Jetty will be constructed to the same length

as the existing North Jetty. This length has proven to be adequate
for protecting navigation and for preventing the movement of Tlittoral
material into the entrance channel. Extension of the jetty to deeper
water was considered and found to be unnecessary. Examination of the
adjacent shoreline revealed no accretions approaching the end of the
jetty. While it is probable that a minor amount of Tittoral material



moves around the jetty and is deposited in the entrance channel,

its contribution to the cost of maintenance dredging is insignificant
in relation to the high cost of deepwater jetty construction.
Accordingly, the cost of extending the jetties was not investigated
in detail. Decreasing the length of the new jetty was not considered
economically beneficial since doing so would decrease the jetty's
present effectiveness in minimizing the deposition of Tittoral
material in the channel. Any decrease in its length would also
decrease its effectiveness in minimizing wave action and cross
currents on vessels navigating the entrance channel. The existing
jetty length is also required for the use of Surfside Beach as a
disposal area for this project and for the consideration of the

beach for a possible future beachfill project. Decreasing the

jetty length would decrease the potential area to store materials
artificially placed on the beach.

5.6.3 The new rubble-mound North Jetty will be located 1,200 feet
from the existing South Jetty. This spacing will provide adequate
protection for the entrance channel and will allow room for future
enlargement of the channel to a width of 600 feet and a depth of
about 75 feet.

5.6.4 The plan of construction recommended in the Phase I GDM which
combines the relocation of the North Jetty and the rehabilitation of
the South Jetty into a joint construction program utilizing both
salvaged old jetty materials and new materials is considered the most
practicable and economical plan. Construction of the new jetty to
its design length will be performed primarily with new materials
prior to complete removal of the old jetty. The existence of the
new jetty will assure continuous protection of the jetty charnnel

and will provide improved working conditions for marine equipment

at the old jetty. Partial demolition of the old North Jetty con-
currently with construction of the new jetty will allow reuse of
some old jetty materials in the new jetty. The majority of the
stone salvaged from the old jetty, plus new stone as needed, will

be used for rehabilitation of the South Jetty and for construction
of the inshore sections of both jetties. The height and width of
the new jetty crown have been designed to permit the Contractor to
use the jetty as a haul road and construct the jetty with land-
based equipment. The size of the filler stone selected will permit
operations of rubber tired vehicles on the jetty prior to placement
of the cover stone. However, it is anticipated that both marine

and land equipment will be utilized for this project, since removal
of the offshore portion of the old jetty must be accomplished
entirely by marine equipment.



5.6.5 Typical jetty sections of the proposed new North Jetty
and the proposed plan of rehabilitation of the South Jetty are
shown on Plate 4. A stability analysis performed at the most
critical area of the proposed new North Jetty is shown on
Exhibit 7.

5.7 Disposal area levees.- Design of disposal area levees is
based on experience with other disposal levees in the Freeport
Harbor area and subsurface investigations of borrow areas for

the Freeport Hurricane-Flood Protection Project. Disposal area
levees will have 1V to 3H side slopes. New levees will be con-
structed using cast fill obtained from inside ditch borrow areas.
Existing levees can be repaired, shaped, or raised where necessary
using borrow obtained from within the disposal areas. The levees
can be increased to a maximum elevation of about +50 when needed
as the foundation areas and the construction materials will con-
sist of stiff clays.

VI OTHER PLANS INVESTIGATED

6.1 Other plans investigated.- Six alternative plans which include
(1) common loading facilities, (2) lightering, (3? channel enlarge-
ment, (4) offshore terminal facilities, (5) regional harbors, and
(6) the no action plan were investigated in the Phase I GDM.

Of these six plans it was determined that the channel enlargement
plan was the only viable plan considering the existing and pro-
spective commerce for the waterway, the existing substantial capital
investments made by industry in their own terminal facilities, the
harbor congestion that would be created by common loading and
terminal facilities, and the risk of cargo spills inherent to
lightering of vessels. The channel enlargement plan then studied
the 40, 45, 50, and 55-foot channel depths for economic efficiency.
The 50-foot depth proved to be the most beneficially economical
plan. Therefore, it is viewed that there are no obvious alternative
engineering schemes within the overall plan for Phase II investiga-
tion. However, since the 50-foot plan requires Congressional
action, the authorized 45-foot depth plan is being presented in

this Phase II GDM for approval while a recently submitted Post-
Authorization Change Summary Report is awaiting legislative action.



VII DESCRIPTION OF PROPQOSED STRUCTURES

7.1 General.- The authorized structures and improvements proposed
in this design memorandum for modification of the Freeport Harbor
project are as follows:

a. relocating the entrance channel and deepening to 47 feet;
b. deepening to 45 feet and relocating the jetty channel;

relocating the north jetty 640 feet to the northeast and
rehab111tat1ng the south jetty;

d. deepening and enlarging the inside main channel;

e. enlarging the widened area at Quintana Point to provide a
750-foot diameter turning area with a depth of 45 feet;

f. enlarging Brazosport turning basin to provide a 1,000-foot
turning area with a depth of 45 feet;

g. constructing a new 1,200-foot diameter by 45-foot deep
upper turning basin;

h. deepening Brazos Harbor Channel and turning basin to 36
feet;

i. enlarging the Brazos Harbor turning basin to 750 feet in
diameter;

j. and providing public use facilities adjacent to the jetties
for the public health and welfare of fishermen and other visitors.

7.2 Channels.- Under the proposed plan, the existing channels and
basins wil]l be modified to provide the authorized channel depths and
widths tabulated on Plate I and shown in cross-sections on Plates 2
and 3. The required dredging of the channels and basins will be to
depths greater than the authorized depth depending on the amount of
advance maintenance proposed in paragraph 7.2.1. The allowable
overdepths for dredging inaccuracies and proposed channel side
slopes are discussed in paragraphs 7.2.2 and 7.2.3, respectively.

7.2.1 Advance maintenance.- A1l channels and basins to be improved
will be dredged to the authorized project depth plus an additional

depth for advance maintenance. Experience has shown that a minimum
of 2 feet of advance maintenance is justified and should be provided



in dredging of all channels and basins to be improved. However,
because of very high shoaling rates in the inside main channels

and basins, four feet of advance maintenance dredging will continue
to be performed as required in the past.

7.2.2 Allowable overdepth.- To compensate for possible dredging
inaccuracies, two feet of allowable overdepth is proposed for the
more open water areas of the entrance and jetty channels. One-foot
of allowable overdepth is proposed for all other channels and basins
located in more protected areas.

7.2.3 Proposed side slopes.- The proposed side slopes will be

1V on 3H for all channels and basins. The toe of slope of required
dredging will be set at a depth equal to the authorized depth plus
the additional advance maintenance proposed in paragraph 7.2.1.

7.3 Jetties.- The proposed plan of jetty construction combines
relocation of the North Jetty 640 feet to the north to facilitate
widening and shifting of the jetty channel and rehabilitation of
the South Jetty by using both salvaged material from the old
North Jetty and new materials. The new North Jetty will be con-
structed to the same height, crown elevation of 8.0 and offshore
length, 4,200 feet, as the existing North Jetty. The new jetty
will have an inshore section approximately 3,500 feet long with

a crest elevation of 4.5. The inshore section of the South Jetty
will be extended approximately 2,000 feet with a crest elevation
of 4.5. These inshore sections will serve as protection against
possible serious flanking during hurricanes. At station (-)5+00,
the new North Jetty has been offset toward the channel to avoid
destruction of the site of old Fort Velasco. The jetty plan is
shown on Plate 4.

7.4 Public use facilities.- Public use facilities, such as parking
areas, sanitary faciiities, and handrailings on both jetties, will
be provided for the public visiting the jetties. These facilities
will include a 100 car parking area and asphalt access roads, a
comfort station, water supply and electrical system, minimal Tand-
scaping, handrailing, and asphalt jetty walkways for each jetty.
Upon completion of the project, all facilities except the jetty
handrailings and walkways will be maintained and operated by

Tocal interests.

VIIT DISPOSAL AREAS

8.1 General.- The materials to be dredged from the project channels
and basins will be disposed of in various confined areas on land and
in open water areas as indicated on Plate 1, and discussed below.



8.2 Disposal areas.- Disposal Area No. 6 is an open water disposal
area In the Gulf of Mexico which will receive about 5.1 million cubic
yards of material dredged by hopper dredge from the entrance channel.
Disposal Areas Nos. 1, 2, and 3 will be confined areas containing
290, 150, and 100 acres, respectively. About 700,000 cubic yards of
clayey material to be dredged by pipeline dredge from the jetty
channel will be disposed of in Disposal Area No. 3. The remainder

of material to be dredged from the jetty channel, consisting of about
600,000 cubic yards of sandy material will be disposed of on Surfside
Beach to aid in reducing erosion of the shoreline. Disposal Areas

1 and 2 will contain the approximately 4.14 million cubic yards to

be dredged by pipeline dredge from the main channels and basins and
the Brazos Harbor Channel. Effluent from Disposal Areas 2 and 3

will be returned to the GIWW and the effluent from Area 1 will be
returned to the main channels via a ditch and pumping station.

The above land disposal areas could be utilized for future mainte-
nance dredging of the projett, depending on the extent of easements
acquired by local interests.

IX CONSTRUCTION PROCEDURE

9.1 Construction procedure.- Construction of the proposed improve-
ments to Freeport Harbor will require about five years. The initial
contract will include construction of the new North Jetty, dismantling
of the existing North Jetty, and rehabilitation of the South Jetty.
The specifications will require that the new North Jetty be essentially
complete prior to dismantling of the existing North Jetty. This
procedure will prevent excessive shoaling of the jetty entrance
channel. During the latter portion of the 3-year jetty contract
period, dredging of the main channels and basins and Brazos Harbor
Channel and basin will be initiated. During the last two years of

the construction period, construction of the new Coast Guard station,
relocation of hopper dredging range towers, removal of the abandoned
Coast Guard station and, dredging of the Gulf entrance and jetty
channels will be accomplished. Construction of the public use
facilities will be initiated upon completion of the new North Jetty.

X ENVIRONMENTAL ANALYSIS

10.1 Reevaluation.- A reevaluation of the environmental impacts

and effects of the proposed action has been accomplished during
preparation of the Phase II GDM. This reevaluation has not discov-
ered any environmental impacts which were not considered in the

Phase I General Design Memorandum dated June 1978, or the Final
Environmental Statement filed with the EPA on 2 March 1979. However,
some additional studies and coordination are being accomplished to
assure compliance with the National Historic Preservation Act.
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10.2 Public notice.- On 24 January 1979 a Public Notice was
issued in accordance with provisions of Federal regulations
including Title 33 CFR 230 and 209.145 pursuant to Section 404
of the Federal Water Pollution Control Act. No new significant
environmental issues have been identified from responses to the
Public Notice. The Final Environmental Statement included an
evaluation of the effects of the discharge of dredged or fill
material into waters of the U. S. using the Section 404(b)
guidelines. The proposed construction activities including
dredging, disposal, and jetty construction have been specified
through the application of the Section 404(b)(1) guideline.

The EPA, in its comments on the Final Environmental Statement,
stated that adequate documentation had been received to assure
that the proposed project activities will be conducted in an
environmentally sound manner and that the proposed action is
satisfactory within the Environmental Protection Agency's areas
of review under Section 309 of the Clean Air Act.

10.3 Environmental impacts of dredging.- Previous environmental
studies have 1indicated that dredging operations will cause temporary
water quality problems as a result of suspension of bottom sediments.
Marine 1ife may be affected in the immediate vicinity of the dredging
operations; however, most swimming organisms will not be greatly
affected because of their ability to avoid the area during dredging.
The proposed project plan will not affect submersed vegetation;
however, disposal of dredged materials on land will affect approxi-
mately 650 acres of coastal prairie habitat. Approximately 400
acres of marsh land will be acquired by the local sponsor to com-
pensate for alteration of fish and wildlife habitat in 650 acres

of disposal areas proposed for project use. The total effect of

the project on recreation is expected to be beneficial. Various
project features, including parking areas, sanitary facilities,

and handrailings for both jetties, are expected to make the area
more attractive for recreational fishing. The proposed project

plan will have both adverse and beneficial effects on commercial
fishing. Gulf shrimpers will benefit slightly by the added safety
resulting from enlargement of the jetty and inside channels.
Disposal of dredged material in the offshore disposal area will
cause temporary turbidity, which will decrease phytoplankton
productivity during dredging operations. During these periods
commercial fishermen will have to go elsewhere for their catch.

10.4 Economic impacts.- As a result of construction of the project,
new industries and businesses may be attracted to the area. Pollution
and waste disposal problems resulting from expansion or construction
of industries can be minimized through enforcement of state and Federal
laws. Industrial expansion will result in increased employment
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opportunities, increased local population and consequent residential
development, and increased loss of wildlife habitat. Relocation of
the North Jetty will require acquisition of approximately 20 summer
homes. People displaced by this acquisition will generally find a
new location on which to construct a new dwelling. Effects of this
displacement will be minor.

XI CONSTRUCTION MATERIALS

11.1 Sources.- Materials sources for jetty construction and
rehabiTitation are not located near this project. The nearest
suitable quarries are located along the Balcones fault zone and
adjacent to the Llano uplift area. These quarries are about

175 to 200 airline miles from the project site but haul distances
by rail or highway will be considerably farther. The cost of
transporting the materials from the quarry to the job site will
represent a large portion of the construction costs of the jetty.
Although jetty cover stone is not commercially produced on a
regular basis, these quarries can produce both limestone and
granite in sufficient quantities and quality to supply this project.

A11 available sources have previously been tested for various projects

in the Galveston District. The name and locations of these quarries
are shown on Exhibit No. 8.

11.2 Stone quality requirements.- Sound durable stone for the
jetties will be insured by preparing specifications which will pre-
vent the use of soft, Tightweight, or chalky stone. The specifica-
tions will not designate the type of stone, but will permit the

use of any stones conforming to the quality requirements. The
minimum unit weight per cubic foot calculated from the specific
gravity in accordance with ASTM C-127-73 will be 160 pounds per
cubic foot for cover stone and 150 pounds per cubic foot for all
other stone. The absorption using the same test method will not
exceed 1.5% for cover stone. The maximum allowable abrasion loss
will be 35% for cover stone and 40% for the other stone as deter-
mined by ASTM Method C 535-69, No. 1 grading. The maximum allowable
magnesium sulfate loss when tested in accordance with ASTM C 88-76
will be 10% for cover stone and 15% for all other stone. These
quality requirements will apply to all stone used in the jetties.
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XII REAL ESTATE

12.1 Real estate requirements.- Local interests are required to
furnish all Tands, easements, and rights-of-way required for con-
struction and subsequent maintenance of the proposed improvements.
The total estimated cost of the real estate required for this
project is $4,245,000. Details of the real estate interests
required are given in Appendix A.

XIIT RELOCATIONS

13.1 Relocations required.- The improvements proposed in this
design memorandum will require relocation of the present U. S.
Coast Guard station, portions of the Freeport hurricane-flood
protection system, numerous dwellings, aids to navigation, and
dredging range towers.

13.1.1 U. S. Coast Guard station.- A new Coast Guard station
will be constructed on the west side of the jetty channel opposite
the existing station at Surfside as shown on Plate 3. Land for
the new station will be provided by the local sponsoring agency.
Design and construction of the new station and demolition of the
old structure will be accomplished by the U. S. Coast Guard with
Federal project funds requested by the Corps of Engineers.

13.1.2 Hurricane-flood protection levee.- Approximately 2,300
linear feet of the Freeport Hurricane-Flood Protection levee will
require relocation to allow construction of the 1,200-foot diameter
Upper Turning Basin. Cost for levee relocation will be borne
totally by non-Federal interests.

13.1.3 Navigation aids.- Relocation of certain U. S. Coast Guard
navigational aids and Corps of Engineers dredging range towers will
be accomplished at Federal expense.

13.1.4 Houses.- Twenty dwellings and two businesses will be
acquired by non-Federal interests to provide adequate right-of-way
for relocation of the North Jetty.

13.2 Utilities.- No under channel pipelines or overhead utility

lines cross the waterway. Modifications of local drainage structures
emptying into the harbor will not be required.
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XIV COST ESTIMATE

14.1 General.- The estimated Federal and non-Federal first cost
for the pTan of improvement in this general design memorandum is
$59,248,000 of which $6,757,000 is non-Federal first costs and
$52,491,000 is Federal first costs. A detailed cost breakdown of
Federal and non-Federal costs for the proposed work based on March
1979 price levels is given in Appendix B. Summary of current
estimates of cost by features is as follows:

01. Lands and Damages $ 4,245,000
02.3 Relocations 3,581,000
09. Channels 19,695,000
-- Disposal Levees 1,817,000
10. Jetties 21,550,000
14, Public Use Facilities 951,000
-~ Navigational Aids 262,000
30. Engineering and Design 1,786,000
31. Supervision and Administration 5,361,000

Total Federal & Non-Federal costs $59,248,000

14.2 Comparison of costs.- The following tabulation compares the
current estimated costs of the improvements considered in this design
memorandum with the Phase I GDM estimate (Jan 1978), the most recently
approved PB-3 estimate (approved 1 October 1978), and the Project
Document estimate (April 1970).

Project PB-3 Phase I Phase II Difference
Item Doc Est. Est. GDM Est. GDM Est. GDM Ests.*
01. Lands & Damages §$ 1,807,000 $ 3,860,000 $ 3,997,000 $ 4,245,000 + 248
02. Relocations 1,045,000 2,240,000 2,919,000 3,581,000 + 662
09. Channels 6,899,000 22,440,000 16,648,000 19,695,000 + 3,047
10. Jetties 4,480,000 9,674,000 15,433,000 21,550,000 + 6,117
14. Public Use
Facilities 215,000 467,000 669,000 951,000 + 282
--  Navigational Aids 140,000 299,000 222,000 262,000 + 40
-- Disposal Levees 493,000 1,053,000 890,000 1,817,000 + 927
30. Engineering &
Design 422,000 700,000 1,425,000 1,786,000 + 361
31. Supervision &
Administration 744,000 1,474,000 4,276,000 5,361,000 + 1,085
Total $16,245,000 $42,207,000 $46,479,000 $59,248,000 +12,769

* In thousands.
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14.2.1 The PB-3 estimate is the result of cost escalations applied

to the Project Document estimate. The Phase II GDM increase in
estimated costs of about $12.7 million over the Phase I GDM estimate
results primarily from increased channel and jetty construction costs.
The increase in cost of channels is attributed $olely to escalation of
dredging unit prices over the past year while the increase in jetty
costs only partially resulted from price escalation. The additional
increase results from application of unit prices which were insuffi-
clent to reflect the prevailing prices for jetty construction at the
time the Phase I GDM estimate was prepared. This is borne out by

bids received in 1978 for rehabilitation of the Brazos Island Harbor
jetties subsequent to finalizing the Phase I GDM estimate. These

bids reflected a much higher rate of escalation for jetty construction
than known at the time of preparation of the Phase I GDM estimate.
Increases in other items are attributable to reappraisal of lands

and escalation of prices.

14.2.2 Comparison of the latest approved PB-3 estimate with the
Phase II GDM estimate indicates an increase of about $17 million
dollars. The greatest portion, about $12 million, is attributable
to increased jetty costs which result from inclusion of costs for
rehabilitation of the South Jetty which were not included in the
Project Document in addition to increases in unit prices as dis-
cussed in the above paragraph. Other significant increases are
attributable to relocations, engineering & design, and supervision
& administration. An increase of about $1.3 million in costs for
relocations results from inclusion of costs for relocating the
hurricane-flood protection levee near the new upper turning basin
(not included in project document estimate) and removal of aban-
doned structures. An increase of about $5 million in costs for
engineering & design and supervision & administration are the
result of additional studies and coordination efforts reguired

to develop the proposed plan and the proportional increase for
higher labor costs. A decrease of about $2.7 million in costs

of channels results from bend easing dredging near the Brazosport
Turning Basin of about 1.5 million cubic yards performed subse-
quent to preparation of the Project Document estimate.

14.3 Cost apportionment.- Costs for enlargement and realignment
of all channels and basins, relocation of the North Jetty and
rehabilitation of the South Jetty, relocation of the U. S. Coast
Guard station and navigation aids, removal of abandoned structures,
and one-half of the costs for public use facilities will be borne
by the Federal Government. Costs for all lands, easements and
rights-of-way, relocation of a small portion of the Freeport
Hurricane-Flood Protection levee, construction of levees and
spillways for dredged material disposal areas, one-half of the
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public use facilities including the lands required for these
facilities, and compensation lands will be borne by non-Federal
interests. A breakdown of these presently estimated costs is

shown below:

Federal Non-Federal

Item Costs Costs

Relocations $ 3,206,000 $ 375,000
Channels 19,695,000 - - -
Jetties 21,550,000 - - -
Public Use Facilities 720,000 231,000
Navigational Aids (U.S. Coast Guard) 262,000 - - (1)
Lands & Damages - - - 4,245,000
Disposal Levees - - - 1,817,000
Engineering & Design 1,697,000 89,000
Supervision & Administration 5,361,000 - - -
TOTAL $52,491,000 $6,757,000

(])Inc1udes costs for compensatory lands.

14,4 Estimates of annual charges.-

The following is and updated

tabulation of estimated annual charges based on an interest rate of

6 7/8% for a project life of 50 years.

Main Channels

Brazos Harbor

Item & Basins Channel
Construction Period 5 yrs 1/2 yr
Investment Costs
Total First Cost $57,132,000 $2,116,000
Interest During Construction 9,820,000 - - -
Total Investment $66,952,000 $2,116,000
Annual Costs
Interest & Amort. $ 4,775,000 $ 151,000
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Main Channels Brazos Harbor
Item & Basins Channel

Dredging

Additional Annual Maintenance
Ent. & Jetty Channels

(642,000 cy x $1.85/cy) $ 1,188,000 - -
Inside Channels & Basins
(117,000 cy x $1.30/cy) $ 152,000 ---
(6,000 cy x $1.30/cy) - - - - $ 8,000
Navigation Aids $ 16,000 $ 2,000
Levees & Spillways $ 64,000 $ 3,000
Public Use Facilities $ 6,000 - - -
Total Annual Costs $ 6,201,000 $ 164,000

XV BENEFITS

15.1 Benefits.- Average annual navigation benefits in the Phase I

GDM have been adjusted to reflect March 1979 prices and a 6 7/8 percent
interest rate. For recreation benefits neither the $1.25 unit value
per recreation day nor the average annual visitation of 230,000
recreation days were changed. As a result of these adjustments,
benefits increased from $31,856,000 to $43,276,000.

15.2 Benefit/Cost Ratio.- Based on average annual benefits of
$43,276,000 and a total annual cost of $6,365,000, the B/C ratio
is 6.8.

XVI SCHEDULE FOR DESIGN AND CONSTRUCTION

16.1 Schedule for design and construction.- The proposed sequence
of design and construction and funds required by fiscal years for
the proposed improvements are scheduled as shown below. A1l con-
struction is planned to be performed by contract.
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8l

DESIGN & CONSTRUCTION SCHEDULE

Submit Advertise Award - Funds Required By Fiscal Year
Plans for
Spgcs Bids (Thousands of Dollars)

Item (Date) (Date) (Date) FY80 Fysl FY82 FY83 FY84 FY85 Total
Construction of Sep 79 Nov 79 Feb 80 6,382 7,000 7,000 550 '$20,932
of Jetties .

Dredging - Main May 81 Jul 81 Oct 81 8,213 8,213

Channels & Basins

and Brazos Harbor

Channel & Basins

Dredging - Sep 82 Nov 82 Feb 83 : 6,000 5,712 11,712

Entrance & .

Jetty Channels

Construction of Dec 81 Feb 82 May 82 720 720

Public Use -

Facilities

Construction of Jul 82 Sep 82 Dec 82 1,280 1,290 2,580

New Coast Guard

Station

Relocation of Aug 81 Oct 81 Jan 82 54 18 . 72

Hopper Dredge

Range Towers

Demolish 01d ~ Apr 84 Jun 84 Sep 84 324 324

Coast Guard

Station , S

Engineering 263 263 573 322 263 13 1,697

& Design

Supervision 831 831 1,812 1,018 831 38 5,361
Total Funds 7,476 8,094 17,652 9,918 8,096 375 $51,611*

*$618,000 allocated to date,



XVII MAINTENANCE AND OPERATION

17.1 Maintenance and operation.- Maintenance and operation of
project channels and jetties, including the jetty walkways which
are an integral part of both jetties, will be the responsibility
of the Federal Government. Maintenance and operation of terminal
facilities, including berthing areas and all public use facilities
except the jetty walkways, will be the responsibility of local
interest.

17.2 Advance maintenance.- Required overdepth dredging of 2 feet

in the entrance channel, Jetty channel, and Brazos Harbor Channel

and 4 feet in the inside main channels and basins is proposed for
advance maintenance. This amount is considered the minimum necessary
to insure that the project depths will prevail for a reasonable
period after initial dredging and to provide reasonable and econom-
ical maintenance dredging intervals of about two years.

XVIII RECOMMENDATIONS

18.1 Recommendations.- It is recommended that the above proposed
plan for accomplishing the authorized improvements on the Freeport
Harbor Texas, 45-Foot Project be approved as a basis for preparation
of contract plans and specifications.
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REAL ESTATE REQUIREMENTS
FREEPORT HARBOR, TEXAS
45-FO0T PROJECT

1. Purpose. The purpose of this appendix is to present the following:

a. Location and general description of the land required for the
project.

b. The Tocal cooperation requirements.

c. The appropriate minimum interest or estate to be acquired for
the various elements of the project.

d. Cost estimated for real estate, relocation assistance and administra-
tive costs for acquisition.

2. Location and General Description. The project plan calls for widening
and deepening of the entrance channel and the interharbor channel at
Freeport, Texas. Additional land is required along both sides of the
existing channel with actual relocation of the centerline of the channel

to the northeast. Additional land will be acquired to meet the requirements
for public use facilities. The land required along the northeast side

of the entrance channel is located within the city limits of Surfside.
Numerous weekend and permanent residences are located within this area.

The Tand required along the southwest side of the entrance channel is
located within the community of Quintana and is mostly unimproved land
except for the facilities of Quintana Marine, Inc. Some additional
right-of-way is also required along the western bank of the existing
Freeport Harbor Channel. A portion of the newly constructed Hurricane
Protection Levee system will also be relocated to allow construction of

a turning basin. This area is just east of the new Freeport Harbor

and warehousing area. Major privately owned improvements located within
the project area consist of both weekend and permanent homes located at
Surfside. These homes vary considerably in value, depending on size,

age, location and condition. There is a small bait and beverage business
located near the jetty at Surfside and another such business located on the
Quintana side near the jetty. Publicly owned facilities located within

the right-of-way consist of the U. S. Coast Guard Station and the Hurricane
Protection levee owned by the Velasco Drainage District. The local

sponsor is required to buy a replacement site for the Coast Guard Station.
The proposed site for the new station is located on the Quintana side

of the channel. The local sponsor is to buy the necessary right-of-way

and relocate the Hurricane Protection levee at their expense.




3.

Local Cooperation. Requirements for local cooperation are set

forth on page 3, paragraph 3 of the main design memorandum. The

Brazos River Harbor Navigation District has indicated its intention to act

as local sponsor for the project. Prior to initiating a formal request
to the local sponsor for acquisition of the necessary real estate
interests for this project, a formal contract providing for assurances

of Tocal cooperation, as required by the authorizing legislation, will

be obtained from the local sponsor and formally approved by a contracting
officer of the United States. Financial capability and legal sufficiency,
with due consideration of Public Law 91-611, Section 221, will be
investigated and determined to meet all regulatory and legal requirements
prior to acceptance and approval of this contract. This contract will
also provide that the local sponsor shall comply with the pertinent
provisions of Public Law 91-646.

4,

The estates to be acquired as indicated in the Real Estate Valuation

Summary, are the same as contained in Chapter 5, Acquisition, for
civil works projects of EP 405-1-2, Change 2, 25 April 1978.

5.

Real Estate Valuation Summary.

Lands to be acquired in fee simple

14.6 ac @ $12,000/ac (Jetty ROW) $ 175,200
3.1 ac @ $10,000/ac (Jetty ROW) 31,000
3.6 ac @ $ 5,500/ac (Coast Guard replacement site) 19,800
4.5 ac @ $15,000/ac (Public use area) 67,500
3.6 ac @ $35,000/ac (Public use area)(Lots) \ 126,000
6.6 ac ® $ 8,000/ac (Public use area) 52,800

400.0 ac @ $ 2,000/ac (Mitigated Lands) 800,000
Subtotal $1,272,300
Rounded ' $1,270,000

Lands to be acquired in perpetual channel easement
44,5 ac @ $12,000/ac (Channel ROW) $534,000
18.6 ac @ $10,000/ac (Channel ROW) 186,000
Subtotal $720,000

Lands to be acquired in perpetual dredge material disposal easement

150.0 ac @ $1,500/ac (Area 2) $225,000
100.0 ac @ $1,000/ac (Area 3) 100,000
Subtotal $325,000
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Lands to be acquired in temporary dredge material disposal easement

290 ac @ $1,000/ac (Area 1)
110 ac @ $1,500/ac (Area 5)
5ac @ $ 0/ac (Surfside Beach)
Subtotal
Lands to be acquired in perpetual levee easement
5.2 ac @ $10,000/ac (To Velasco Drainage District)
Subtotal
Improvements to be acquired in fee
19 Dwellings
2 Businesses
1 Mobile home
Subtotal
Relocations Costs (PL 91-646)
(1) Section 202
20 Homeowners

2 Businesses

(2) Section 203
7 Homeowners

(3) Administrative costs
22 Ownerships

Subtotal
Severance damages
Subtotal
Acquisition costs
80 Ownerships
Subtotal
Contingencies (20%)
Subtotal
TOTAL
ROUNDED
A-3

$290,000
165,000
0

$455,000

$. 52,000
$.52,000

$456,000
19,000
7,000

$482,000

$ 4,500
10,000

60,000

11,000
$85,500

$ 30,000
-$ 30,000

$ 120,000
$ 120,000
$ 707,900
$ 707,900
$4,247,400
$4,245,000



FREEPORT HARBOR, TEXAS
(45-FOO0T PROJECT)

GENERAL DESIGN MEMORANDUM NO. 1

APPENDIX B
DETAILED COST ESTIMATES



FREEPORT HARBOR,

TEXAS (45-F00T PROJECT)

PHASE II GDM ESTIMATE

Unit Total Federal Non-Federal
Item Unit Quantity Price Costs Costs Costs
MAIN CHANNELS AND BASINS
Relocations
U.S. Coast Guard Station Job LS $ 2,150,000 $ 2,150,000
Removal of Abandoned Coast
Guard Station Job LS 270,000 270,000
Removal of Steel Piling " LF 300 § 74 .00 22,200 22,200
Removal of Timber Piling LF 900 14.00 12,600 12,600
Removal of Riprap Ton 900 10.15 9,135 9,135
Removal of railroad ties :
by Excavation CcY 20,800 10.00 208,000 208,000
Hurricane Flood Protection Levee
Embankment Fill cY 23,200 6.10 141,520 $141,520
6" Lime Stabilization
Subgrade SY 2,990 4.00 11,960 $11,960
6" Flexible Base cY 2,580 40.00 103, 200 103,200
Asphaltic Cement Gal 650 2.00 1,300 1,300
Cover Stone CY 30 61.00 1,830 1,830
Tack Coat Gal 435 2.00 870 870
Spot Sod Ac 2.25 23,000.00 51,750 51,750
Subtotal $2,984,365 $2,671,935 $312,430
Contingencies (20%+) 596,635 534,065 62,570
Total - Relocations $3,581,000 $3,206,000 $375,000
Channels i
Dredging, Gulf Entrance Channel
Project Depth (47') cY 3,650,000 1.59 65,803,500 $5,803,500
Adv. Maint. (2') cY 730,000 1.59 1,160,700 1,160,700
Overdepth (2') , cY 720,000 1.59 1,144,800 1,144,800
Subtotal = Ent. Chanl cY 5,100,000 1.59 68,109,000 $8,109,000



FREEPORT HARBOR, TEXAS (45-FOOT PROJECT)
PHASE II GDM ESTIMATE

: Unit Total Federal Non-Federal
Item Unit Quantity Price Costs Costs Costs
Dredging, Jetty Channel .
Project Depth (45') cY 1,032,000 1.17 81,207,440 $1,207,440
Adv. Maint (2') CY 135,000 1.17 157,950 © 157,950
Overdepth (2') CcY 133,000 1.17 155,610 155,610
Subtotal ~ Jetty Chnl cY 1,300,000 1.17 §$1,521,000 $1,521,000
Dredging, Main Channels and
Basins : .
Project Depth (45') CY 2,144,000 1.65 $3,537,600 $3,537,600
Adv. Maint (4') cY 925,000 1.65 1,526,250 1,526,250
Overdepth (2') cY 231,000 1.65 381,150 381,150
Subtotal - Main Chnls CY 3,300,000 1.65 $5,455,000 $5,445,000
Mob & Demob (Hopper
Dredge) Job LS $ 130,000 $ 130,000
Mob & Demob (Pipeline _
Dredge) Job LS 139,000 139,000
Relocation of Hopper ) ) .
Dredge Range Towers EA 4 $15,000.00 60,000 60,000
Subtotal - Chnls $15,404,000 $15,404,000
Contingencies (20%Z+) 3,081,000 3,081,000
Total - Channels $18,485,000 $18,485,000
Jetties
Relocation of North Jetty
New Cover Stone .
4 - 6 Tons Tons 1,200 45.00 § 54,000 $ 54,000
8 - 10 Tons Tons 16,900 45,00 760,500 760,500
10 - 12 Tons Tons 12,200 45,00 549,000 549,000
12 - 14 Tons Tons 7,600 45.00 342,000 342,000
14 - 16 Tons Tons 5,400 45,00 243,000 243,000
16 - 18 Tons Tons 42,500 45.00 1,912,500 1,912,500



FREEPORT HARBOR, TEXAS (45-F00T PROJECT)
PHASE II GDM ESTIMATE

Unit Total Federal Non-Federal
Item Unit Quantity Price Costs Costs Costs

New Core Stone

200 - 1,000 1bs Tons 4,800 34.00 163,200 163,200

200 - 2,000 1bs Tons 20,000 34.00 680,000 ° 680,000

200 - 4,000 1lbs . Tons 91,400 34,00 3,107,600 3,107,600
New Blanket

1/2" - 200 1bs Tons 77,100 33.00 2,544,300 2,544,300
New Filler Stone

1/2" - 4" Tons 20,400 31.00 632,400 632,400
Stone From 0ld North Jetty '

2 - 6 Tons Tons 10,900 18.00 196,200 196,200

6 - 16 Tons Tons 16,800 18.00 302,400 302,400
Core Stone Tons 45,600 18.00 820,800 820,800
Break~out Concrete Cap :

in 01d Jetty (for reuse

as Core Stone New Jetty) CcY 3,000 60.00 180,000 180,000
Removal and Disposal of '

Brush Mats CcY 48,000 11.20 537,600 537,600
Subtotal $13,025,500 §13,025,500

Rehabilitation of South Jetty

New Cover Stone

14 - 16 Tons Tons 1,800 45.00 81,000 81,000

16 -~ 18 Tons Tons 16,300 45.00 733,500 733,500
New Core Stone

200 - 2,000 1bs Tons 11,300 34.00 384,200 384,200

200 - 4,000 1bs Tons 11,600 34.00 .394,400 394,400
New Blanket Stone .

1/2" - 200 1lbs Tons 29,300 33.00 966,900 966,900
‘New Filler Stone

1/2" - 4" Tons 14,000 31.00 434,000 434,000
Stone From 0ld North Jetty ’ )

4 - 6 Tons Tons 2,400 18.00 43,200 43,200

6 - 16 Tons Tons 25,900 18.00 466,200 466,200



FREEPORT HARBOR,

TEXAS (45-F00OT PROJECT)

PHASE II GDM ESTIMATE

Unit Total Federal Non-Federal
Item Unit Quantity Price Costs Costs Costs
Core Stone Tons 60,400 18.00 1,087,200 1,087,200
Pickup and Reset Existing
Cover Stone
6 - 12 Tons Tons 18,400 15.00 276,000 276,000
12 - 16 Tons Tons 4,400 15.00 : 66,000 66,000
Subtotal ' $ 4,932,600 $ 4,932,600
Contingencies (20%Z+) 3,591,900 3,591,900
Total - Jetties $21,550,000 $21,550,000
Public Use Facilities
Access Roads
North Jetty LF 1,660 §$ 33.50 $§ 55,610 $ 42,100 $ 13,510
South Jetty LF 2,450 33.50 82,080 62,140 19,940
Parking Area '
North Jetty SY 4,920 12.50 61,500 46,560 14,940
South Jetty SY 4,920 12.50 61,500 46,560 14,940
Parking Area Guardposts
(Wood, 8" dia.)
North Jetty EA 578 42.00. 24,280 18,380 5,900
South Jetty EA 578 42.00 24,280 18,380 - 5,900
" Sanitary Facilities
(Waterborne, Masonry
Bldg on Concrete Slab)
North Jetty EA 1 18,500.00. 18,500 14,010 4,490
South Jetty EA 1 18,500.00 18,500 14,010 4,490
Water Well w/Pressure System ‘
South Jetty . EA - 1 8,600.00 8,600 6,510 2,090
Water Supply Mains, 2" dia.
North Jetty LF 300 9.75 2,930 2,220 710
South Jetty LF 300 9.75 2,930 2,220 710



FREEPORT HARBOR,

TEXAS (45-FOOT PROJECT)
PHASE II GDM ESTIMATE

Unit Total Federal Non-Federal
Item Unit Quantity Price Costs Costs Costs
Water Service Lines, 1" dia,. :

North Jetty LF 200 3.00 600 450 150

South Jetty LF 200 3.00 600 450 150
Water Fountains w/Spigot "EA 4 210.00 840 640 200
Refuse Containers EA 2Q 120.00 2,400 1,820 580
Bench Seats EA 20 175.00 3,500 2,650 850
Slope Protection

Filter Blanket, 18" Tons 600 21.00 12,600 9, 540 3,060

Core Stone, 30" Tons 1,000 25.00 25,000 18,930 6,070
Electrical Service .

(Underground) LF 4,000 12.50 50,000 37,850 12,150
Project Signs Ea 2 $3,200.00 6,400 4,850 1,550
Qutside Lighting (Mercury ,

Vapor, Pole Mounted) EA 13 1,100.00 14,300 10,830 3,470
Landscaping Job Sum 14,000 10,600 3,400
Jetty Walkway (Asphalt,

6" Thick Over Rocks) LF 6,100 41.70 254,370 192,580 61,790
Jetty Handrails LF 5,500 - 8.50 46,750 35,390 11,360
Subtotal . $792,070 $ 599,670 $ 192,400
Contingencies (20%+) 158,930 120,330 38,600

Total - Public Use Facilities $ 951,000 $ 720,000 $ 231,000
Navigational Aids (U.S. Coast Guard)
New Range Lights EA 5 10,100.00 $ 50,500 $ 50,500
New Minor Lights EA 7 5,300.00 37,100 37,100
New Lighted Buoys - EA 7 12,700.00 88,900 88,900
Relocate Buoys EA 4 2,800.00 11,200 11,200
New Passing Lights EA 2 700.00 1,400 1,400
Subtotal $§ 189,100 $ 189,100
Contingencies (15%+) 28,900 28,900
$218,000

Total - Navigational Aids

$ 218,000



FREEPORT HARBOR,

TEXAS (45~-FO00T PROJECT)
PHASE II GDM ESTIMATE

Unit Total Federal Non-Federal
Item Unit Quantity Price Costs Costs Costs

Total - .Real Estate Costs $3,897,000 - “ $3,897,0Q0

(Including Contingencies)
Levees and Spillways

Disposal Area Levees CcY 564,000 1.80 1,015,200 1,015,200

Spillways EA 3 25,000.00 75,000 75,000

Ditches CY 31,000 5.00 155,000 155,000

Culverts LF 240 42.50 10,200 10,200

Subtotal $1,255,400 $1,255,400

Contingencies (207%+) 250,600 250,600
Total - Levees and Spillways $1,506,000 $1,506,000
Total - Engineering and Design $1,736,000 $1,657,000 §$ 79,000
Total - Supervision and Administration $5,208,000 5,208,000
TOTAL - MAIN CHANNELS AND BASINS . $57,132,000 $51,044,000 $6,088,000
BRAZOS HARBOR CHANNEL
Channels

Dredging, Brazos Harbor Channel

" Project Depth (36') CcY 577,000 1.20 692,400 692,400

Adv. Maint. (4') CY 193,000 1.20 231,600 231,600
Overdepth (1') cY 70,000 1.20 84,000 84,000
Subtotal CY 840,000 1.20 61,008,000 $1,008,000
Contingencies (20%+) 202,000 202,000

Total - Channels

Navigational Aids (U.S. Coast Guard)

New Range Lights EA
New Minor Lights EA
New Lighted Buoy EA
Subtotal

Contingencies (15%+)
Total - Navigational Aids

1/ See Real Estate Par. 12

2 10,100.00

1
1

5,300.00

12,700.00

$1, 210,000

20, 200
5,300

12,700
$ 38,200

5,800

$ 44,000

$1,210,000

20,200
5,300

12,700

$ 38,200

5,800

$ 44,000



FREEPORT HARBOR, TEXAS (45-FOOT PROJECT)
PHASE II GDM ESTIMATE

. Unit Total Federal Non-Federal
Item Unit Quantity Price Costs Costs Costs
Lands and Damages
Total - Real Estate Costs $348,000 $348,000
(Including Contingencies)
Levees and Spillways
Disposal Area Levees cY 130,000 1.80 234,000 234,000
" Spillways EA 1 25,000.00 25,000 25,000
Subtotal . $259,000 $259,000
Contingencies (20%+) 52,000 52,000
Total -~ Levees and Spillways $311,000 $311,000
Total - Engineering and Design 50,000 40,000 10,000
-3 Total - Supervision and Administration 153,000 153,000
TOTAL - BRAZOS HARBOR CHANNEL $2,116,000 $669,000

l/ SeefRea1 Estate Par. 12

$1,447,000
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SOIL | CLASSIFICATION | MOISTURE | g (pCF) | SHEAR STRENGTH
CONTENT (] C (PsF)
I COVER STONE - 135 0 0
T CORE & FILLER - 140 37 o
STONE
m BLANKET STONE - 130 33 0
1
o= SILTY SAND 30 125 30 [ € EL +80 MLT:
Wo Wp W Wy
b4 SOFT CLAY 50 1o 0 400 LN
I 1y
C 2.5 P WATER sun:ﬁcs EL. 0.0 MLT.
o STIFF CLAY 22 125 0 2200 o) % l = (ASSUMED WATER TABLE)
% ),
—
> &
.
|
pra)
pi
ILITY - CONSTRUCTION
TYPICAL JETTY TRUNK SECTION
SCALE OF FEET
10 10 30
Eaza EPie
Eazo Erap
2ei6 1 EP2a
Erie
. 1
- AN
%
A 2 Ngy Wy
Crig Crag
Woa VoL ) B T
Fee
wp
Ppig P24 "
Eerg CeBrg o
P20
Eaz0
Wa
d
e ¥ea
Eryo Ceayg \
, N r_ﬁe
€ap 4 |
———n
FCBX %ce
@
Epog CeBg 4
FORCE POLYGON ACTIVE WEDGE FORCE POLYGON CENTRAL BLOCK FORCE POLYGON PASSIVE WEDGE
SCALE OF POUNDS SCALE OF POUNDS SCALE OF POUNDS
3000 0 3000 6000 3000 3000 0 3000 6000 3000 2000 o 2000 4000 6000
e — - —
— . PASSIVE WEDGE FORCES FOR THREE ASSUMED
ACTIVE WEDGE FORCES FOR THREE ASSUMED CENTRAL BLOCK FORCES FOR THREE ASSUMED SAFETY FACTORS, POUNDS
SAFETY FACTORS, POUNDS SAFETY FACTORS, POUNDS ® SAFETY
- — T B e passive wenGe | et | conesion | o PasSIE
ACTIVE WEDGE - 0 ACTIVE £ ~Tos | PASSIVE ACTIVE CENTRAL BLOCK FRICTICNAL A @
WEIGHT SAFETY FACTORS COHESION [T FORCE SAFETY ORS | conesio FORCE FORCE WEIGHT FORCE £ ° N e oy e 3900
We - 6028 6 7078 255 1hz05]0%50] 23400 | L6 23250 13400 ) 23400 * * : +13250 w‘ B 39251_ 10723 20 5660 606 11950
:” : Ii?:: 28451 29 5660 leo®-39 172 58'6% 06| 26700 20 T L8600 11950 (-} 26700 * * + 3850 ' 7 24 a120 £t 11000
e = b L
Wy = 4752 2.4 ar20 17°-25(15*08]13°- ¥ 29250 24 15500 1toce (-} 29250 X * * — 2750 i
% NOTE CENTRAL BLOCK WEIGHT AND FRICTIONAL FORGE ON CENTRAL BLOCK ARE VERTICAL, ECUAL, OPPOSITE, AND HAVE NO BEARING ON
SETERMINATION OF Ag
+15000 T - —
| | SAFETY FACTORS FOR VARIOUS POSITIONS OF
i i PASSIVE WEDGE AND VARIQUS SLIDING CIRCLES OFFICE OF THE DigTRICT ""“"“'L TON
ARMY ENGINEER DISTRICT, GALVES'
; PASSIVE WEDGE_POSITION SAFETY FACTORS CORPS OF ENGINELRD
: ; asLvesTon ¥
o + 10000 + : I 221
2 ‘ | ® DAAwN wr FREEPORT HARBOR, TEXAS
ES 45-FOOT PRO JECT)
3 ‘ o 220
° \ e
<u+5000 \ + | o 222 STABILITY ANALYSIS
N R Ht ; N
: ’ SAFETY FACTOR = 2.20 TG o TYPICAL JETTY SECTION
' ‘ 1 /L// A 652 * NOTE: GRAPHICAL SOLUT1ON OF STABILITY SUSITTED &Y
' -~ ; ANALYSTS WITH PASSIVE WEJGE AT z —— .
o 1 *% 7l — s 36 POSITION i SHOWN ABOV:. -z AppRGVED. ArFRovED oATE
i j ;
i . \l\ ¢ 254 R PRS-
ecaix arec oaTE
| o 818 - L / TRAWNG NUWEEN
- 5000 &5 & 35 L L e £ 605 ~7LOCATION OF ARCS B WEDGES .
TRIAL SAFETY  FACTOR T NO _ SCALE sHany Lz No
T EXHI_LT 6




¢ HURRICANE FLOOD PROTECTION LEVEE

= WATER SURFACE EL. 0.0 MLT

-

(ASSUMEO WATER TABLE)

AUTHORIZEO TOE, 43-FOOT PROJECT

S
opeg -
({

2167

Fros—) Mo

f

2°-38-a8"

Fesos

21.67

Boa_ Cforgp |
]

STABILITY ANALYSIS-AFTER CONSTRUCTION
TYPICAL SECTION—~DOW PLANT AREA

SCALE OF FEET
0 10 20 30

¥ca

a
€0

FRo—y, Mo

2°-38-3%"

Feei o

Ep) Ecp,

2167

FORCE POLYGON CENTRAL BLOCK

SCALE gF POUNOS

SOgO g g 10000 15000

e

Friz Ecep

2187

CENTRAL BLOCK FORCES FOR THREE ASSUMED
SAFETY FACTORS, POUNDS

SAFETY FACTORS COMESION P:g:'c": AF%L‘(‘:'EE CENLRE‘}EHBTLDCK FR;%EQ:AL b¢
0.8 77168 16500 (133000 364125 (-)ie64l 43027
1.0 61734 14100 143300 364125 -is7a 15860
12 51445 12600 H51000 364125 {-)16696 - 3651

SAFETY FACTORS FOR VARIOUS POSITIONS OF
PASSIVE WEDGE AND VARIOUS SLIDING CIRCLES

MOISTURE SHEAR _STRENGTH
IFICATION ¥y (PCF
soiL CLAsS o CONTENT 3 ! ? C (PSF)
T SILTY SAND 20 120 32 0
p:s STIFF CLAY 30 125 0 1100
m SILTY SAND 24 25 32 0
™ SOFT CLAY 60 05 o 300
p 4 SILTY SAND 20 125 32 0
o STIFF CLAY 34 125 0 1000
B2
Fao -
Eagg . —‘
.
2, N <y
Wy <Y «
Wa
We
[
FORCE POLYGON ACTIVE WEDGE
SCALE OF POUNOS
1 i 3000
ACTIVE WEDGE FORCES FOR THREE ASSUMED
SAFETY FACTORS, POUNDS
ACTIVE WEDGE SAFETY 2p ACTIVE
WEIGHT FACTORS COHESION g5 FORCE
Wg = 5548 0.8 25575 38° 33000
Wo % 142404 gynne o 20460 2° 43300
w, = (8843
wq  =44375 2 17050 27-30' 51000
80000
40000
.
@
o \
z i
3 i
o 11
£ 20000 {
w \‘ SAFETY FACTOR | 16
<
o o]
|
! "
! '
-20000 08 o9 1o i P2 1

TRIAL FACTOR

QF  SAFETY

PASSIVE WEDGE_POSITION SAFETY FACTORS
T 151
o L1s
m 122
™ 133
| CIRCLE NO
A 161
] 282
¢ 315 ]
o 200
3 T 266 -

* NOTI GRADHICAL SOL.TTON OF STABTLITY ANALYSIS ®ITJ
¥N BOVE

PASSIVE WEDGE AT POSTTION T SHOK

S

Eroe

Erio

LY

FORCE POLYGON PASSIVE WEDGE

SCALE OF POUNDS
40,

PASSIVE WEDGE FORCES FOR THREE ASSUMED

SAFETY FACTORS, POUNDS

o™ | ey [coson | Fheee
0.8 7950 16300

5074 t.0 6360 14100

1.2 5300 12600

LCCATION OF ARCS 8 WEDGE

NO SCALE

OFFICE OF TWE DRETRICT ENGINERR
U. 8. ARMY ENGINEER DISTRICT. GALVESTON
conrs oF EHaIMEERS
GALYESTON TEXAS

DRAWN BY-

FREEPORT HARBOR, TEXAS
{45-FOOT PROJECT)
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STABILITY ANALYSIS

eHEcKED BY:
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N—- 4 - . T PROJECT
AS
\ 1 F R 1 O | SOURDANT N \(hn'b;:m LOCATION
102° [ 7 a ePeartait | ATASCOSA . city ® o /\
MAVERICK S R
r - "“kuu PASS | i . - %" gar
MATERIALS SOURCES ¢ —- ey 3 . O
z\ coTuLLA Lo ; \'“"”&E \\\-\ ‘{/ ? \i\ '\
! N sEone \ :
SOURCE NAME LATITUDE o\ | LONGITUDE N\ Me "‘i%" Bee /. N \ 0 Q\ <
. \ L7 L LIVE OBK o {
1. Servtex Materials Co., New Braunfels 29938’ ™ 98016 \ i /U(,“ l ST 1[ (‘3
Ogden Quarry \/}{N - — - ---nrou\‘\ avs 4 28"
ST i | " $AN PATRICIO ¢ - | . o ' o '
2. Texas Crushed Stone, Georgetown 30035 970401 ' R AN 11. Eagle Lake Plant 96° 29932 96022
Feld Quarrv san DiEgo,|  ApiCE | W':,?:,"-'“Q Fordyce Gravel Co., Victoria
| WELLSL Nueces 12. Briggs Plant 28941 : 96922.5"
3. Lome Star Industries, Houston 30943" 98°14" DUV AL l" N ___ 13. Chipley Plant 28947.5" 97002.5"
Gandy Quarry ! ‘x L.g"“a“:m: § |/ COVER STONE
i ' \ / .
4. Parker Brothers, Houston 29040 98011" unonv[u.to | P b J{U
New Braunfels Quarry ! ALFURRIAS © “m; T 771 1l4. Texas Crushed Stone, Georgetown o , .
, ‘ ’ ‘Ll | P Stoltz Quarry, Llano 30946.5 98933
5. McDonough Brothers, San Anterio 290371 ~ 98940 ot noss | BROOKS l 15. Texas Granite Corporation, Marble Falls 30035" 98018"
Beckman Quarry ¥ ' | YKENEDY | Granite Mountain Quarry 35
RSE AND FINE AGGREGATE | _J (\\ Colaska Production Co., Marble Falls 30937’ 98022.5’
COA = AGGREG ——~—-/——- e
Gifford Hill Co., Houston Cvana / L 3 HURRICANE FLOOD PROTECTION
6. Garwood Plant 29028’ 96922.5" / CwriLaAcCY ‘
Thorstenberg Materials Co. \ "0 GRANDE AAYMONOVILLE MATERIALS <2URCES
cIry 1 .
Houston 19929 96028" LS comsuRGs | e o SCALE OF MiEs
7. Arena Plant 59036 96930 5" g patco | C
8. Skull Creck Plant H ‘ \ i c':‘.:;",‘.";: : r U.S_ARMY ENGINEER DISTRICT, GALVESTON, i ¥AS
A Lone Star Industries, Houston \_ ;-g,.L T L
gt 020.5%6%-.. . - ) _ AD 26°
9. Blue Roan Plant 29‘;25' 32042 5'25 E o
10. Romayor Plant 30927 . N lllonuvu.u\
Parker Brothers,- Inc., Houston 98 FILE NO.
EXHIBIT 8
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DATUM PLANES & TIDE DATA

FOR_FREEPORT HARBOR, TEXAS

FREE ( POR T
PROPOSED LOCATION

285~2
BRAZOS HARBOR
TURNING BASIN

AND CHANNEL

125 , PETROL

TIDE- QONTROL =
STRUCTURE

BRAZOSPC'?T TURNING BASINP

-.1} T

X

oow CHEMICAL / co.
PLANT A",

STAUFFER ;"
CHEMICAL
PLANT

_EXISTING NORTH JETTY
JETTY CHANNEL

e L . :
NEW ' . ‘ H

MEXICO -

MEXICO

CHRISTI

PROJECT
LOCATION

VICINITY MAP GULF OF
SCALE OF MILES

MEXICO

% 0 30 00 (30 we-
———

EXISTING MODIFIED DIMENS IONS

PROJECT PROPOSED
DIMENSIONS | AUTHORIZED (IN FEET;

SECTION OF WATERWAY N FEET) N FEET)
DEPTH[BOTTOMOEPTH | BOTTOM|DEPTH | BOTTOM

{ML.T)| wIOTH (M L T} | wioTH [{M.LT) WIOTH

ENTRANCE CHANNEL 38 100 a7 400 a7 400
JETTY CHANNEL 16 200 45 400 45 400
LOWER TURNING BASIN NONE as 750 45 750
- - (o) [GIN]
CHANNEL TO BRAZOSPORT TB 36 400 45 400 a8 400
BRAZOSPORT 36 700% 45 1000 45 1000
TURNING BASIN 700 o1ay {on)
CHANNEL TO UPPER BASIN 36 175 as 400 45 378
UPPER TURNING BASIN 36 600x 45 12001, 43 1200,
600 By (I.)IA)J
CHANNEL TD STAUFFER 302/ 200 NONE NONE
CHEMICAL PLANT
STAUFFER TURNING BASIN 30 2/ 3000 NONE NONE
BRAZOS HARBOR CHANNEL 30 200 36 200 36 200
BRAZOS HARSOR 30 530« 36 750 36 750
TURNING 8ASIN 600 {DIA.! {DIA}

% /
. -2i L/ AT NEW LOCATION
MHW LAT. 28°-56.8° LONG 95°-18.5 / PROFPO ‘d €0 (STING DEPTHS A
DATA SOURCE: USCOMM-CGS-DC, 6/16/69 / SOUTH JETTY _30 ‘ 2/ UNDREDGED EX(STING DEPTHS ADEQUATE
RECORD PERIDD 1955- 59 IREHABILITATION AN
S HIGHEST WATER LEVEL® 12.4° MLW, 9/11/6] STRATEGIC PETROLEUM Ny \\
z <
-1 2 wsL (sLD) (13,08 MLT) RgiiHDVESITBERYAN & ROTE N L1
© ! LOWEST WATER LEVEL® -2.8' MLW, 1/13/55 M © 0 P. \\ \ OTHER 'MPROVEMENTS AUTHORIZED
b | (-2.42 WLT) N 20 AN
':\\ e TYPE OF TIDE: GHIEFLY DIURNAL N | REMQVAL OF EXISTING NORTH IETTY
o m} 28 n S -33 | 2 CONSTRUCTION OF NEW NORTH JETTY
| b MHW = MEAN HIGH WATER . \\ A. OFFSHORE AND SHORE PORTIONS—TOTAL LENGTH, 4,200';
i EEL IR MSL = MEAN SEA LEVEL .26 La 32 N TOP EL. +B.0'
« SLD = SEA LEVEL DATUM AN _34 8. INSHORE PORTION — LENGTH, 3,500'; TOP EL. +4.5'
MLW = MEAN LOW WATER . »s A AN 3
B TIDE - h .
MLT 2 MEAN Low TIOE ENTRANGE CHANNEL 3. RCHABILITATION OF SOUTH JETTY
-36 A. OFFSHORE AND SHORE PORTIONS—TOTAL LENGTH, 4,600’
PROPOSED MITIGATION' 25 TOP EL +8.0°
AREA-— 400 ACRES \\ B. INSHORE PORTION—LENGTH, 2,040'; TOP EL. +4 &'
- A -37 - —
\\
\O -30 N
\l\ N
o35 N
\ :
-3
-36
) . fL000carES
Of LEGEND
EXISTING CHANNELS 8 BASINS
PROPOSED CHANNELS 8 BASINS
’ MILES FROM OUTER
L, ? * END OF JETTEES FRFEPORT HARBOR, TEXAS
45~ F
\)\/ PROPOSED DREDGED MATERIAL DISPOSAL AREAS 45-FOOT PROJECT)
' v G SCALE IN FEET 3 EXISTING OREDGED MATERIAL DISPOSAL AREAS NEW WORK DREDGING AND
cong o " doid _soo 7 momoSED OREDGED MATERIAL FILL AREA JETTY CONSTRUCTION
NOTE:
SOUNDINGS SHOWN ARE IN FEET AND S ARMY ENGINFF K DISTRICT, GA N,TEXAS APR 378
REFERENCED TO MEAN LOW TIDE DATUM. us 3 < DIS , GALVESTON, L 5ig
'
-
e TO ACCOMPANY PHASE TLGENERAL DESIGN MEMDRANOUM NO.)
>v—

PLATE |



PROPOSED NEW
NORTH JETTY

DiSPOSLL A=EL

ADDITIGNLL OFFSHORE

\
N g NEW JETTY THINNEL

- B ' m,
<

2"

APPROX MAX DEPTH b\
OF PRIOR DRELGING

-a5'

v-47"

/
ey v
S N
SLTH 65¢ 4 200 v
I 065 .
) PROPOSED cw
NEW NORTH Limr
PROPOSED EXISTING W NOR
Peuts REHABILITATION Th o
AT EXxieTin. BT el E//\¥W =g e
I S N )

-au

/ /

souTH a0¢ , ey . 200 400 NORT »

OUTER
EXISTING

/ AND NEW ENTRANCE CHANNE|
40

L
| a7’
1

2' XDV, MAINT.

7
"’/A\\Y//«'/z‘\ —_— ]

APPROX.MA DEPTH
OF PRIOR DREDGING |

400 J

QUTER END
38'< 300 SEA

_ NEW_ENTRANCE CHANNEL
Ml — 46
OUTER END OF NEW ENTRANCE CHANNEL

i
i |

. . R
2' ADV. MAINTy ‘ =47

LEGEND
EXISTING CHANNELS 8 BASINS

PROPOSED CHANNELS & BASNS
M .tS FROM OUTER END
NF JETTIES

TrPIls~_ CROSS SECTION

FXISTING NAVIGATION AlD

NEW OR RELOCATED
NAVIGATION AID

FREEPORT HARBOR, TEXAS
(4L FOOT PROJECT)

EXISTING PROJECT AND
PROPOSED MODIFICATIONS

(AL E OF FRET
Lut ___2.C

ST TEXAS APRIL _ 1979

TO ACCOMPANY PHASE II GENERAL DESIGN MEMORANOUM NO.|

PLATE 2



EXISTING DIMENSIONS
2D« 550 x 600"
FCDERAL DRELGING
CMITTED WITHIN

LOCAL REQUEST

75'OF WHARVES AT

1 T ¥ L T T T rC .y
WEST 1500 ; 000" 300 o LY EasT [Souw Pyy o B 200" T 200" ! soor NOF
_~—"PROPOSED | L . X
V% ROW LIMIT X oo T A bow LEVEE vi5° 1]
. Lo j o : LM |
NEW UPPER TURNING BASIN ‘
MI 338 :
i 0:MiT 0:mL 1]
| H ’> MAN CHANNEL
M1 178
I - 20 |
!
APPRCX MAX DEPTH OF — 390 Zy/ NOTE i 20" ;
o ol -20 -
PRICR DREDGING w Vi /’1‘ NO MAINTE WANCE DREDGING ‘r %
e Y\ - s FOR ExXISTING PROJECT BEING . APPROX MAX. DEPTH OF PRIOR
—40 \ J‘L_ 4 e ;5::8:’“;%:;32’;33250; AQ&)—J i DREDGING
¥ __49- POSSISILITY OF SICE SLOPE ' !
— — — ——— 1200——— - = — Fr———— o FAILURE. - a0 20
1 [ | [ S | S — 1 U 420 PROROSED © o]
ROW LIMIT
: o e ML
— R TURNIN » 4
APPROVED ALIGNMENTS FOR - EXISTING CHANNELS AND BASINS NEW ;"\W‘E“TU NING BASIN /
PORTp'gng%FT *(‘)URR'SCANE FLOOD | = 2=z PROPOSED ~ CHANNELS AND BASINS Y /
ION _SYSTEM Vi
e e L MILES-TENTHS FROM OUTER END J .
@729 &XX» LEVEES OR WALLS ° oF- i

(N

e ;/’

1 [EXISTING UPPER
. TURNING BASIN

i DEAUTHORIZED FOR
MAINTENANCE

STAUFFER
CHEMICAL GO

UPPER TURNING BASIN

FXISTING  36' X 600X 600

AUTHORIZED  RELGCATION
(SEE BELOW!

EW UPPER TURNING BASIN
AUTHORIZED 45x1.20
PROPOSED  4541,200 DiA

LEVEE AL\GNMENTﬁFinS\\

Y DIA

REACH WILL BE MOVED
INSHORE TO AVOID CONFLICT
WITH TURNING BASIN AREA

Ly 4~  WAVE BARRIER LEVEES

PROPOSED

CHEMICAL CC
PLANT A

CHANNEL TO STAUFFER
TURNING BASIN

AUTHORIZED %0'x 200" *

NONE

HOT MAINTAINED

OF LOUTH JET 1Y

___—v) CROSS SECTION LOCATIONS
U LOOKING UPSTREAM

@  EXISTING NAVIGATION AID

NEW OR RELOCATED
@ NAVIGATION AID

E<ISTING
AUTHORIZED
PROPOSED

BRAZOSPORT TURNING BASIN
36'x 700 70C
45%1,000 014
45'¢ 1,000 DIA

U.s COsT
| . STATION ‘
L NEW LOCATION

o
-
|
i

GUARD]

s

EXISTING

N
~LOCALLY DREDGED BAS|

345" /
. | — s — —
—/s
i 4

4'ADV MAINT. "40-
— = e -45"

AUTHORIZED 45'x 5L

ey

PROPOSED

<=~ 700' TYPE 2 SECTION

PROPOSED

SOUTH

REHABILITATION

JETTY

7

° s

LOWER TURNING BASIN

- ag'
750" ;‘
(T R W
36 X357 DA
i
45’ 75C DIA N
~ r \
e 500" TYRE @rcr‘or.

? /

4 U S COAST GUARD |~

" SURFSIDE y
S &

STATION

2 CINBic . ™. .
HEAv ¢ DASH LINES INDICATE AUTHURIZED A
/ / EX/SW\ FA0E OF PILING FELERAL HURRWCAME FLOOC SROTECT Of /
- i, O - CEVEE
36)(730, AUTHOR/ZJ DJO’XZF PO
Dig / PRy S~ 36’ Mo N HANNEL
OPOSED ¢ X200" PR
8'X200"
el R
VR a b
SOUTH e S .
: | ¢ ' . . - - FERCERE L0
I“\ 600" 400 200" 2rc 400 | Tt c Lt
ARF o ' PROPCSED
\ WHAR [ ROW LIMIT
_usMLT ~ . iojmg
B e i A BRAZLS HARB R TURNING BASIN |
Mr 39 ‘
angTH :
4 WTH h . ' e uTMLT
. 2 . e 206 6
20 ¢ i '
.\ !
!
- w20’
- - |
: ~PROPOSED
RON _IMIT
- . -
S FREEFIRT HARBOR, TEXAS
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NOTE

CONICAL END CONSTRUGTED BY REVOLVING
HALF SEGTION OF HEAD ABOUT © AT STA. 42+00

NEW COVER STONE (16— 18 TONS,
2 LAYERS)

TOE PROTECTION STONE (BLANKET
AND GORE MATERIAL FROM
EXISTING NORTH JETTY)

NATURAL GROUND ELEV VARIES\

NEW COVER STONE (6-18 TONS,

TOE PROTECTION STONE
{BLANKET AND CORE MATERIAL FROM
EXISTING NORTH JETTY)

THICKNESS

NATURAL GROUND ELEV. VARIES

NEW BLANKET STONE (1/2"— 200 L.BS)

VARIES)

NEW BLANKET STONE (1/2"- 200 LBS)

TOE PROTECTION STONE
(BLANKET AND CORE MATERIAL FROM

NATURAL GROUND ELEV VARIES\

N

ELEV. OO MLT

NEW CORE STONE
EXISTING NORTH JETTY)\(ZOO - 1000 LBS)

N

NEW CORE STONE (200 - 4000 LBS)

CORE STONE VOIDS FILLED WITH NEW FILLER STONE (1/2"-4")
TYPICAL HEAD SECTION
(SEAWARD 200' OF JETTY AND CONICAL END)

SCALE IN FEET
o 20 a0

CROWN COVER STONE {6— 18 TONS

AS AVAILABLE FROM EXISTING NORTH
JETTY AND NEW COVER STONE

AS REQUIRED, THICKNESS VARIES)

NEW CORE STONE (200 - 4000 LBS)

TYPICAL TRUNK SECTION

SCALF N FEET
9 0

——COVER STONE {4-B TONS AS AVAILABLE FROM
EXISTING NO ETTY AND NEW COVER STONE
VARIES)

ELEV.4 8.0 MLT

NEW BLANKET STONE (172" - 200 LBS}

\;_/’CORE STONE vOIDS FILLED WITH NEW FILLER STONE (1/2"-4")
EXCAVATE TO 0.0 M.L.T AS REQUIRED
MINIMUM (LAND) SECTION

{(WHERE NATURAL GROUND IS ABOVE ELEV. 0.0 M.L.T)
SCALE N FEET
° o

10 20

NEW NORTH JETTY

NATURAL GROUND ELEV. VARIES -

N

NSl
ELEV. 00 ML T

NATURAL GROUND ELEV VARIES” szodp

EXCAVATE

TO 0.0 MLT A4S REQUIRED—— "~

" BLANKET STONE (% -200 LBS)

.——COVER STONE (2~6 TONS AS AVAILABLE FROM
EXISTING NORTH JETT:, THICKNESS VARIES)

SELECTED STONE FROM EXIST NORT
NEW STQNE AS REQUIRED

[ExlsTlNG STONE RESET
Ty — — —

o SN !

TYPE )

JEXCAVATE TO 0.0 MLT AS REQUIRED 3

THICKNESS VARIES

-
MINIMUM 2.5~ ~~

a T
ELEV. +4.5 M'LT., - —RIPRAP (BLANKET AND
- CORE MATERIAL FROM
/7RSS77~ EXISTING NORTH JETTY)

o
; TYPE 2

[,
CROSS HATCHING INDICATES ZONES WHERE NLw
-ZL~4" FILLER STONE wILL BE ADDEC TO

FILL VOIDS IN NEW AND EXISTING JETTY STONE —

INSHORE SECTIONS (BOTH JETTIES)

SCALE IN FEET
10 3 10 20
e e el
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AN

P4
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A
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N o
¥

/o
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SCALE iN FEET
0 .0 9 20
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L
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EXISTING
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(THICKNESS VARIES)
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RECREATIONAL FACILITY (TEMS
NOT [NDICATED ON PLAN VIEWS

PARKING AREA GUARD POSTS.

REFUSE CONTAINER, 35—~ GAL.WITH COVERS
ELECTRICAL BERVICE, UNDERGROUND
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T  SERVICE / ACCESS ROADS

SANITARY FACILITIES, WATERBORNE

% STREET LiGHTs
-  PROJECT.SIGN

iNSET A
SCALE N FEET

2.

NOTES.

CLAN YIEWS AND TABULATION INZICATE RECREATICNAL FACILITIES WHICH
COULD BE PROVIDED FOR SIGHTSEERS AND JETTY FISHERMEN.

DRAWING INDICATES RECOMMENDED NAVIGATION (MPROVEMENTS "IN PLACE”
{NORTH JETTY AND ENLARGED JETTY CHANNEL AT NEW LOCATION)
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23 May 78
FREEPORT HARBOR, TEXAS

(45 Foot Project) GDM - Phase T

Introduction

=t

1. This monograph is presented in response to instructicns received
at the 17 March 1978 conference in SWD on the subject study. The in-
structions were to make an origin destination (port-to-port; analysis
on actual movements of crude petroleum into Freeport Harbor, Texas using
specific distances to foreign ports. In order to accomplisn the analyses,
the Phillips Petroleum Company was contacted to obtain the
year of record of receipts of crude petroleum at Freeport, Texas. In
response to GD's request, the Phillips Petroleum Company furnished a tab-
ulation of the company's vessel unloading record for 1977 ziving,in date
order, each vessel unloaded during 1977, the loading port, essel size,
-arude type and barrels discharged. The Phillips vessel recoris include
116 tanker movements of primarily Nigerian crude petroleum =5ving inbound
to Freeport, Texas from the Curacao o0il terminal, Curacao Lutch West Indies
in the Caribbean in 1977. The records show that of the h,271,599 short

tons of crude petroleum imports in 1977, seven movements wers Trom South
3 .

Riding Point, Grand Bahama Island transshipment point to irTort 266,766
short tons; four movements were from Cayman Island lightering point to
import 156,408 short tons; one movenent direct from Zueitinz Litya of
14,416 short tons; and one movement direct from lightering iz +the Gulf
of Mexico of 41,248 short tons. Although the Phillips movsrenis are
predominately Nigerian crude there are occasiona%/shipments o Algerian

and Libyian crude.

-

2. The Phillips Petroleum Company also furnished a copy 7 3saway

Pipeline Company's vessel unloading records for 1977 which ircluled +he
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same data as the Phillips Compeny's records. The vessel unloading rec.o»ds
of the Seaway Pipeline Company's crude petroleum imports into Freeport in
1977 include 175 tanker movements involved in the import of 6,270,527
short tons of crude petroleum originating at 7 ports in Europe, Africa,
and the Middle East, and at U4 ports in South America, Mexico and Alaska,
all moving direct into Freeport, Texas. The Seaway Company's 1977 crude
imports were predominately Libyan crude with various lesser quantities of
Iranian, Arabian, Nigerian and North Sez crude included. Of interest was
the movement of 36,017 short tons of crude imports by seagoing barge from

Trinidad and Libya.

3. Port-to-port study - Phillips Petroleum Co. -~ The analysis of the
Phillips Petroleum Company's 1977 crude petroleum imports is based on a
comparison of the operating costs per ton of the 24,000 d.w.t. design tanker

.that can move fully loaded on the existing 36-foot deep channel and the
design tanker of 90,000 d.w.t. that can move fully loaded on the proposed
50-foot channel at Freeport Harbor, Texas. Since 90 percent or 3,792,760
short tons of the h,271,599 crude 0il imports moved from the Curacao trans-
shipment terminal in the Caribbean only this traffic was analyzed. The

round trip distance between Freeport and Curacao is 3,91Lh nautical
miles. Vessel operating costs furnished by the office, Chief of Engineers
were used to compute vessel operating costs per ton. These data indicate
that a 24,000 d.w.t. tanker has an operating cost per hour of $515 and an
operating speed of 16.5 knots and the 90,000 d.w.t. tanker has an operating
cost per hour of $865 and azn operating sveed of 16.0 knots. Over a 3,914
nautical mile round trip distance the operating costs per ton were computed

to be $5.09 for the 24,000 d.w.t. tanker and $2,35 for the 90,000 d.w.t.
tanker. The reduction in operating cost per ton amounts to $2.7h (¢5.09 -

$g;35). The benefits from a reduction in transportation cost amount Lo
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(3,792,760 tons X $2.74) $10,392,162 for the 1977 crude petroleum imported

by Phillips Petroleum Company. When questioned, the Phillips Petroleum
Company's representative stated that had a 50-foot channel been available at
Freeport, Texas in 1977, &1l of the Curacao crude oil imports woﬁid have

moved direct intb Freeport , Texas from Bonny, Nigeria. Using thé§7008'nautical
mile round trip distancerfrbmrﬁoﬁuy;”Nigéfié fo}Freeport, Texas_gée equivalent
value to that evaluatg&‘abové amounts to $18,622,452 in reauctioﬁfof trans-

portation cost credited as benefits from a direct movement of this commerce

into Freeport Harbor, Texas in 1977.

4. Port-to-port study - Seaway Pipeline Company. - The anélysis of the
Seaway Pipeline Company's 1977 crude petroleum imports is made on the same
basis as described for the Phillips Company analysis except thatAfhe round
trip haul distance to each of seven originating ports were used to compute
gﬂ; feduced operating costs per ton to be applied to each originating port's
portion of traffic contributing to the total direct movement into Freeport,
Texas of 5,801,285 short tons by Seaway Pipeline Company in 1977. Traffic
from the four ports in South America, Mexico and Alaska, representing 7
percent of the total 6,270,527 seaway commerce in 1977, was not evaluated.
The benefits from a reduction in transportation cost on 5,801,285 short tons

of crude o0il from the direct movement of Seaway crude oil imports into

Freeport Harbor, Texas in 1977 amount to $48,541,533.

5. Comparison with GDM -~ Phase 1 analyses. ~ The results of the port-to-
port analyses as presented above represent fixed values for specific volumes
of ecrude petroleum imports from specific ports of origin for a given time

period (1977). There are no parallel values in the GDM - Phase I analyses
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of benefits with which the port-to-port analyses values can be directly
compared. However, if the Phillips Petrcleum Company's commerce is con-
sidered to be representative of the transshipment mecde of import, the
$10,392,162 benefits from a reduction in transportation cost on 3,792,760
short tons of crude petroleum imports in 1977 developed in the port—to—porf
analysis can be likened to the $4,405,000 benefits from a reduction in trans-
portation costs an 4,500,000 short tons of crude petrolewn imports in 1980
developed in the GDM - Phase 1 analysis. Similarly, if the Seaway Pipeline
Company's commerce is considered to be representative of the direct shipment
mode of import, the $48,541,533 benefits from a reduction in transportation
cost on 5,801,285 short tons of crude petroleum imports in 1977, developed

in the port-to-port analysis can be likened to the $1L4,658,000 benefits from
a reduction in transportation costs on 3,000,000 short tons of crude petroleum
iﬁgorts in 1980 developed in the GDM - Phase 1 analysis. The substantial
increase of benefits estimated in the port-to-port analyses over the estimates
of transportation benefits containedin the GDM - Phase 1 report indicates the
degree of under statement of benefits vrovided by the report analyses as a
means of adjusting the analyses to provide a margin for the less than optimum
size tanker movements that may move in the import of crude oil into Freeport
Harbor, Texas and to provide some latitude in the benefits credited to the
proposed project for variations of price of crude; short term fluctuations of
world tanker rates; availability of cargoes and other impacts that result in

unstable crude o0il movement patterns.

IT. Origin - Destination Analysis. -
6. The origin-destination method of analysis as used by the Corps is a

procedure for comparing total movement or transportation costs from the

I, R
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producer to the consumer for competing modes of common carrier transportation
as a method of estimating transportation benefits that would accrue to a
shallow draft barge channel. These benefits are generally defined as the
differenéé~between waterway transportation costs and the cheazpest alternate
common carrier ﬁovement- The origin—deétinatién analysis includes specific
costS'or,rates incurred ts move a specific quantity df g specific commodity
from the producing point ﬁ6 the common carrier terminal. If the producing
point is within the switching radius of the terminal operation, then the
switching charges and handling charges to unload and load at the transfer
point would apply. If the producing point is beyond the terminal switching
radius, an additional specific overland rate would apply. The line haul
costs, or rates if applicable, between the common carrier terminals nearest
to.the producer and consumer are then added. On a waterway these are the
aé£ual port-to-port costs or rates. At the terminal nearest the consumer,
an additional switching and handling charge to unload and load is applied.
If the consumer is beyond the receiving terminals switching radius, the
appropriate overland commodity or class rate is also added. The accumulation
of all the above described costs constitute the origin-destination costs
between a specific producing point to a specific consumer point for a specific
common carrier. These carriers may include barge, rail, truck, pipeline or
combinations thereof. An origin-destination analysis is a severly restricted,
highly detailed method of economic evaluation of comparative common carrier
costs that depends on a demonstrably stable traffic pattern (based on past sta-
tistics) that is projected to remain stable for an appreciable part of the anal-

ysis period used for project analysis. The origin-destination analysis depends
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on detailed commodity movement records over a sufficient period of time to
demonstrate stability of these volumes and kinds of commodity movements

between specific producing and consumer points for reliability of the results

of the‘brigin—destinatioﬁﬁéﬁalysis. The origin-destination analysis method
isrnpt adjustable to changes or variaticns of the producing and consuming
ﬁoiﬁtérﬂéybndithe switching radjus of the common carrier terminals. As

used in the Penn-State studies to develop the Inland Navigaticn Systems
Analysis (INSA) as a tool for determining where, in an inland shallow draft
waterway system, traffic is being restrained by an inadequate lock, the
analysis is not an origin-destination study but a port-to-port analysis of
traffic densities in the movement of specific commodities in a stable traffic
pattern. As such, the procedure is also dependent upon extensive and
éogpfehensive records by commodity and direction of movement over a sufficient
period of time to validate stable traffic patterns from which estimates of
future volumes and traffic densities may be extrapolated. These records of

shallow draft commerce are readily available in the Corvps cf EZngineers

Waterborne Commerce of the United States, Part 2. of the annual report.

T. In summary, the purpose of the origin-destination analysis is to
compare common carrier modes of transportation between specific producer
and consumer points for specific volumes and kinds of commodities moving
in a stable transportation pattern on a total throughput cost basis

to determine relative transportation efficiencies between two or more
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common carrier transportation modes. The analysis method is limited by the
inability to adjust for random movement patterns of commerce. The purpose

of the port-to-port segmen® of the origin-destinaticn analysis'is (1) to
measure traffic densities based on spécific volumes and kinds of commodities
ﬁoviné in a stable pattemn of’cémmerce between two specific termiﬁalé on the
wétefwéy and (2) to measuré relative efficiencies in unit costs per ton fof
movement of specific volumes and kinds of commodities moving in a stable
pattern of commerce between two specific terminals on the waterway in two

or more configurations of barge number and size or unit tows and specific
towboat horsepower. The only time this method of analysis will develop reliable
estimates of transportation savings in deep draft transportation studies is

in the unique situation where the shipper has control of both ends of the move-
Qe;£‘of a commodity moving in a stable, captive trade, and where this stability
can be sustained for an appreciable period into the future. An example of

this type of movement is the movement of bauxite from a shipper-—owned ore body
at the point of origin and where the bauxite will move into the shipper owned
ore beneficiation and/or metallic reduction plant at the receiving end of the
movement. The port-to-port method of analysis is also used to measure relative
efficiencies between deep draft vessels when the same conditions of ports,
stability of traffic patterns and commodities can be met. The port-to-port
analysis method is limited by the inability to adjust the analysis to variations

in ports of origin or routing patterns.
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IITI. Freeport Harbor, Texas GSM - Phase 1 Analysis. -

8. The analyses contained in the project study for Freeport Harbor, Texas
incorporates deep draft vessel statistics on size, deadweight tons, carrying
capacity, operating costs and operating speeds that have been statistically
adjusted to develop linear relationships by size, operating costs per hour
and draft of vessel. These approximate linear relationships provide a uniform
basis upon which calculations for comparisons of vessels of different sizes
may be made to derive representative differential unit costs per ton between
vessel sizes. These estimates of unit costs per ton are then applied to
volumes of crude petroleum imports that are limited to the quantities that
the importers state they will move, with or without the proposed improvement

to the project. The imported crude will move inbound from any of several

originating ports throughout the world in traffic patterns that vary between

ports of origin and from month to month in the percentages of total crude oi;hvna%q

{mgorted at Freeport that are generated at the various ports of origin. The
analysis adjusts for the changing patterns of shipment from the various ports
by averaging the acutal distances between Freeport, Texas and all the origi-
nating ports. The purpose of the analysis is to develop a reasonable estimate
of the expected transportation savings from movement of import crude petroleum
that will provide for a number of variables that influence movement patterns
of crude imports. The limitation of the statistical averaging method of
analysis is that it is non-specific in the results obtained relative to stable
movements of given volumes of crude oil between specified ports in a given

vessel.

IV. Statistics -
9. The additional detailed studies necessary to accomplish the port-to-port

studies of the Phillips Petroleum and Seaway Pipeline Companies' crude petroleum

e ron e B i At
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imports in 1977 are basically founded on these companies" vessel unloading
records for calendar year 1977 at Freeport, Texas and supplemented by the
U. S. Dept, of Energy, Office of 0il Imports, Imported Crude 0il and Petroleum
Products for Calendar Year 1977, published by the American Petroleum Institute.
According to the Department of Energy reports, the total crude petroleum imports
into Petroleum Administration District (PAD) I-IV in 1977 amounted to over 2

billion barrels or over 305 million short tons. These volumes were distributed

as follows:

CRUDE PETROLEUM IMPORTS PAD I-IV 1977

Barrels Short Tons
Total 2,035,769,703 305,385,445
Gulf of Mexico 1,389,616,335 208,4L2 150
Freeport Harbor 58,725,881 8,808;882

Based on the above statistics, government reports of receipts indicate that
Freeport Harbor accounted for 2.88 percent of the total crude imports into

PAD I-IV and 4.23 percent of the totzl crude imports into the Qulf of Mexico.
Actual shippers' records indicate these percentages amount to 3.21 and 4.T1
percent respectively. The Freeport Haerbor imports shown above do not agrée
with the 65,387,255 barrels or 9,808,090 tons of crude oil imports contained

in the vessel unloading records of Phillips Petroleum; and Seaway Pipeline
Companies. It is assumed that the difference is attributable to reporting
deficiencies on the Dept. of Energy reporting systgmrand that the shippers"
vessel unloadipg records are the more accurate. -These tonnages in 1977 compare

with the estimated 1980 commerce in crude petroleun imports of 9 million tons

U S
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contained in the project study.

10. A study was made of Department of Energy imported crude oil and

petroleum products records for calendar year 1977 to determine, on the basis
of the 1,389.6 million barrels of crude imports into the Gulf of Mexico; the
countries of origin; loading ports, one way distance in nautical miles and

the percent by country of origin of the monthly imports into the Gulf of
Mexico. The results of the study of about 5000 tanker» movements in 1977

is given in the table of Percent of Gulf of Mexico Impcrts by Origing The
table also shows the percent of traffic for each month that originated at
ports over 7,500 nautical miles from Freeport by port of origin and the per-
cent of traffic for each month that originated at ports 6000 nautical miles

or less by port of origin as separated by the dash line. The accumulated
monthly percentages by port of origin are given for the calendar year 1977

for comparison with the first nine months of calendar year 1975 which is the
only data available for 1975. It should be noted that the percentage distribu-
tion of the monthly imports into the Gulf by ports of crigin varies from month
to month. It may be inferred that percentage distribution of shipments of
crude 0il from the various ports of origin will also vary from year-to-year.
Comparable data for the pericd prior to the embargo and subsequent price rise
of crude o0il by the oil producing and export countries (OPEC) in 1972 is not
available. However, it may be speculated that such action had a substantial
impact on movement patterns of crude petroleum. In any event the data available
appears to verify the statement by Mr. Robert C. Bowen, Director, Planning and
Economics, Phillips Petroleum Company that "The continually changing political

ke

environment in souce countries has, and will continue to have a great deal of

influence on international crude oil movements, and the attendant transportation

10.
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PERCENT OF GULF OF MEXICO IMPQRTS BY QRIGIN Total %
Distance Total% IFirst Nine
Country Port Naw. Mi. Jan Feb Mar  Apr Moy Jun Jul  Aug Sep  Oct Nov  Dec [1977 iMonths 1975
United Aradb i
Emirate Abu Dhabi 9792 5.65 L4.28 L4L.,19 L.89 L.4bo T.23 L.00 6.25 S5.89 3.84 8.57 6.701}l 5.43 2.71
Iran Abudan 9991 8.98 5.50 11.20 7.7l 6.75 7.70 9.45 T.hh 6.63 7.88 7T.43 762 7.86 || 3.87
Irag Al Basrah 9991 1.19 - .93 1.63 3.50 1.88 2.52 1.23 2.92 2,k% 2,43 2.33) 1.92 .20
Quatar Dawheh 9792 6L 1,02 1,06 .67 2.56 2,58 1.4L3 1.73 1.06 1.5 2.30 1.56| 1.s1 6L
Saudi Arebie Bohrain 9812 20.14 24,68 25.01 22.50 26.L49 24,85 23,01 17.99 28.04 -21.86 22.0517.69}22.86 20.89
Indenesia Brunci 11972 1.24 1.56 1,28 .67 .95 1.15 .55 1.L43 1.0bh 1.43 .85 1.39 | 21..3 3.22
Libya Marsu [1 Brega 6063 15.59 15.02 18.08 18.50 17.78 18.1L4 20.8% 16.01 15.93 16.24 10.86 17.75116.73 5.58
Norway Oslo 5549 - 2,03 1.23 1.33 1.23 .69 .42 .24 1.35 .63 2.43 1.1L4 | 1.06 1
Alperia Algiers 51hk 10.24 11.93  6.66 13.37 6.06 6.L9 9.hh 16.03 9.67 B8.M6 10.h7 9.00] 9.82 9.67
mutiand London 4835 2.13 27 1.h1 1.28 1.60 2.08 1.21 1.72 2.83 2.19 3.1L 1.23 1.76 -
Vigerio Bonny 3504 22,43 24, Lk 21.16 20.56 16.88 18.78 17.96 16.24 17.06 22.82 14,5k 20.8819.65 33.39
OTHEK* N
Trinidad Avg, 1500 11.77 9.27 7.79 6.89 11.80 8.43 9.17 11.69 7.58 10.66 14.93 12.71}10.22 16.086
¥axico '
Venesula
Donuire
ete,
¥ About half of this traffie is from transhipment points in the Carribean and originated at foreign producing points
Percent of traffic over 7500 miles
frcem Freevort 37.84 37.04 43.67 38,07 Lu.S5h U45.39 40.96 36.07 45.58 39.0 43.63 37.29140.76% 31.53%
‘ at

Percent of traffic 6000 miles or 62.16 62.96 56.33 61.93 55.33 56.61 59.04 63,93 sh.42 61,0 56.37 62.71i159.24 68.L75

less from Freeport

i
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patterns." (emphasis added) Additional statistical information developed
from the Dept. of Energy data based on the month of September statistics
selected as representative for all twelve months shows that only 8 percent
of the cargOSQ;ified were 1in excess of 500,000 barrels or 75,000 short tons.
There were 41 companies that reported imports for the month and 160 companies
that reported no imports for the month. Based on the Dept. of Energy (e

statistics a one percent variation amounts to over 3 million tons of crude

0il movement into the Gulf of Mexico in 1977.

V. Discussion. -

11. The discussion of the two methods of analysis of transportation bene-
fits (i.e. origin-destination; statistical average) given in sections II and
IITI, respectively, delineates the differences in both the methods of analysis
and the products derived from each method. In view of these differences,
qs}ng one method of analysis to validate or check the other analysis results

would be of minimal wvalue.

12. From a pragmatic standpoint, tﬁe use of the origin-destination method

of analysis or the port-to-port segment of the origin-destination method of
analysis of deep draft transportation benefits in general investigations

and design memorandums is not practical for a number of reasons. As discussed
in section II, the necessary statistics upon which a specific origin-destination
analysis is based are readily available for inland waterway studies. Comparable
deep draft statistics are available, in raw data form, from the Dept. of
Commerce; however, the cost of collating the raw data into useable base line
statistics, as gquoted by the department, is prohibitive. Manually acquiring

the necessary statistics in traffic surveys is equally prohibitive. For

example, the 1977 statistics furnished by the Department of Energy shows that

12.
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there were about 5000 movements of crude oil, just into the Guli of Mexico.
Assuming a minimum of 10 years to establish patterns of moverment in this
commerce would involve the manipulation of 50,000 individual shipments. If
the month of September is considered as representative for the yezr, according

to the Dept. of Energy report, a minimum of 200 shippers would be involved in

of these data to meet report schedules would require study rescurces that are

not available. Acquiring these data by the use of study rescurces that are
available would extend report study schedules beyond acceptavie limits. Further,
if surrogate data can be acquired at reasonable cost to provide a statistical
base upon which an origin-destination or port-to-port analysis can be constructed
the product derived from such a study would still be a restricted, specific
analysis of a given movement for a single point in time that assumes there will
be:no changes in shipping patterns. Usez of the result tc predict probable
volumes and dynamic patterns of movemeni over a 50 year pericd of amnalysis

cannot be rationally supported or defended.

13. The statistical averaging method of analysis, as containec in the subject

design memeorandum is based on guidance received at the formulsiicon conference

which directed that transshipment from the Caribbean be used zs the economic

‘nt mooring

base line condition and that the impact of the proposed sing-ie

ey
Q

system (SPM) by Seadock Inc. at Freeport, Texas on the project economics be
evaluated. According to petroleum industry spokesmen, the eccnomic "break

2 carriers

joy]

even" distance to obtain economies of scale in the very larg

<

(D

Ay
[SEANTE

(VLCC) is six to eight thousand miles. In order to accormplisz the anlaysis
using transshipment as the base line condition certain assumpticns are required.

These include modal split, a radius of action that will accomclate the economics

13.
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of a VLCC, probable supply points for the forseeable future, and a level of

commerce that is attainable over the period of analysis despite realtively
wide fluctuations in supply, price,and supply-distribution patterns in the
world crude petroleum commerce. The primary consideration in each of these
assumptions is to establish a framework for the analysis that will represent
a threshold level of benefits credited to the projegts in the . study, or more
basically, that the results of the anaiyses based on these assumptions is a
reasonable estimate of these benefits that is as insensitive to the many

variables of crude petroleum supply and demand as is practicable to develop.

VI. Conclusions. -

14. It is recognized that the origin-destination or port-to-port method
of analysis 1s a useful tool for economic evaluations of transportation bene-
fits. The method can be used for deep draft studies where the conditions of
stable traffic patterns, specific ports, stipulated volumes and kinds of
éo;modities, and the maintenance of the stability of the movement over an

appreciable period of the analysis cen be met.

15. The additional study cost incurred to accomplish an origin-destination
or port-to-port analysis of deep drafil commerce as compared to the study cost
of the statistical averaging method of analysis 1s not justified by a comparable
improvement in the quality or reliability of the.results over the results that
can be attained by the statistical averaging method of analysis with an

efficient use of available study resources.

1h,
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REPORT OF SOIL TESTS
FREEPORT HARBOR, TEXAS
50' PROJECT AND BEND EASING
BORING NO. 78241 thru 249

GDLR NO. 1631

1, AUTHORITY: Test request dated 1 August 1978 from V. E. Bennett, Chief,
goils Design Section, Foundation and Materials Branch, requested the
Galveston District Laboratory to conduct tests in accordance with the
requirements of applicable rest procedures shown in paragraph 2.

2. TEST METHODS: Tests were conducted in accordance with the following

procedures:

TEST REQUIRED TEST PROCEDURE

Unit Weight EM 1110—2—1906,Appendix 11,30 Nov 1970
Moisture Content ot 1110—2-1906,Appendix 1,30 Nov 1970
Soil Classification MIL STD, 619-B, 12 June 1968

Liquid and Plasaic Limits EM 1110—2-1906,Appendix 111,30 Nov 1970
gieve Analysis EM 1110~2ﬂ1906,hppendix v, 30 Nov 1970
goil Consistency Based on procedure outlined in EM 1110~

345-147,using drive penetrometer tests
for sand and pocket penetrometer tests
(Soiltest Model CL~700) for clays

Unconfined Compression EM 1110w2w1906,Appendix X1 ,30 Nov 1970
strength :
Lineat Shrinkage(Bar Method) Paving Manual,4th Edition,Galveston

Diatrict,Engineering Division,Foundation
and Paving Section,Method 326 ,Page 252




FREEPORY BARBOR,TEXAS
50' PROJECT AND BEND EASING
GDLR NO. 1631

3. PRESENTATION OF DATA:

a, Results of tests are shown on the inclosed eleven test data summary
sheets.

b, Unconfined compression tests results are presented in Table 1,

¢, The applied compressive stress versus axial strain relationship is
presented in Piates XI-2-1 through XI-2-6,

d, Drawings 1 through 2 showing location of borings are inclosed.

e. Samples forwarded to Southwestern Division L;boratory for testing
are shown on inclosed Test Request 79V021 dated 12 Januwary 1979,
4, COMMENTS

a, Portions of samples not consumed in testing are in storage at the
Galveston District Laboratory in the event additional tesfing is required,

b. Results of tests by Southwestern Division Laboratory will be reported
directly to Foundation and Materials Branch.

¢, Samples from borings 78-242, 245 and 248 were sent to Southwestern

Division Laboratory for Triaxial Compression.
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DISPOSITION FORM -]

-For use of thie lorm, see AR 340-15, the proponent agency is TAGCEM.

REFERENCT OR OFFICE SYMBOL SUPJECT -
Freeport Harbor, Texas, 50' Project and -
Bend Easing - Boring and Testing Request
SWGED-FS .
o FROM ‘ ToATE AT 1
Chief, Geology Section SWGED-FS : 1 Aug 78
Chief, Matls §& Testing Section _ ' Bennett/hl/353

1. Attached are two copies of a boring layout showing locations’
and bottom elevations of borings 78-241 thru 78-249 to be drilled
for the subject project. The purpose of the borings is for making
a study to determine the feasibility of deepening- the channel to a
bottom elevation of -50 feet m.l.t. and easing the channel bend
adjacent to Dow Chemical Co. plant.

Z. Survey Branch has been requested to set a stake at each boring
Tocation with tlie boring number marked thereon. Chief, Geology Section,
is requested to notify the Chief, Survey Branch, when a firm drilling .
date is established. Before starting drilling operations :

Mr. George Kramig of Dow Chemical Co. -should be contacted to confirm the
right-of-entry for making the borings and to be sure that the drilling
site is safe from encountering buried pipe and utility lines. '

_Mr. Kramig's telephone No. is 238-3981, He has been contacted and

will be expecting a call,

4, All borings should be made to obtain continuous undisturbed 3"
diameter samples except where sands are encountéered. Sands should be
sampled at 5' depth intervals and standard penetration tésts .should’
be performed., All samples should be visually classified in the field
and pocket penetrometer readings should be taken on all undisturbed
samples. . ' ‘

5. The beginning and ending time of drilling each boring located in thdg
water shall be recorded on the log to allow the tide to be determined
after drilling. If the tide can be determined, it should be recorded oy
the log. ' ' _ .
) . : _— BE€eoocd 3¢ LR Mo og:
6. Charges for the work should be made t0=BE00-8304J20A0007

.

2 Incl | “ BENNETT
. as
ﬁﬁ “‘."3." ] QAQR REPLACES DD FORM :fﬁ,.WHICH \S OBSOLETE. -

e w oo 1076-0-TEH-0387 ‘1D
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- DISPOSITION FORM |
E ‘Far une of this form, see AR 340-15, the proponent pgency 18 TAGCEN. . ’ . . . /é,:‘i{ \:
REFFHENCT DR OFFICE SYMBOL oREeT :

: , . Freeport'Herbof, Texas (50' Project) and
SWGED-FS . Bend Easing - Staking of Boring Locations

| i} FROM ' B DATE By LGMT 1
THRU Chief, Engrg Div SWGED-F - . . 1 Aug 78 y '
‘ a - : N "iBennett/h1/353

TO Chief Survey Br

- 1. Two coples of a boring -layout shoW1ng 1ocatlons of borlngs 78- 241

. through 78-249 to be-drilled.for thé subject project are attached. It

- 1s requested that all boring locations be.staked or buoyed and that
coordinates and elevations of the 1ocat10nsbe determlned and furnished

thlS offlce : : :

'2.' Right-of- entry to borlng locatlons should be confirmed by
- ‘contacting Mr. A. A, Luckenback - phone 238- 1794 or Mr. George Kramlg -
~phone 238-3981 of Dow Chemlcal Co. , )

» 3. .The Chlef Geology Sectlon has been. asked to coordlnate drllllng
. ffand the requlred survey work,

4. Charges for the work should be made to BA008304J20A000

1 Incl "~ POWLEDGE
Boring layout (dupe) N

B =F FURM a ) REPLACES DD FORM -6, WHICH 1S CBSCLETE. o
DA AR LAY 2496 ) S . ) TSP D - THI-037 15
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BORING NO, 78- 248

. FREEPORT HARBOR

T _ : ‘ TEST DATA SUMMARY
_4TICW:_ BEND EASING : R DATE COMPLETED
- o] . ; ] .
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= n - w il g | B r\M =P R 17 = , I
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= BE G |2 BE|Z35E 1 itk E = 5 8 |B |4
. w s Lol NS I . N j=— = - » . s
a ﬁm?m ELEVATION TOP BORING mmm S mEIBIEY MPLPM%,MML & 2 Bz g lgelgaigs
47.550,0 Brown siltvy sand’ ommmv O - A0 mmm D 30 (24 4170 0 e |Zalic|Sal o o | o 1
#information obtained from driller’s log "
*Disturbed : )
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T ). RECEIVIHNG OFFICE COHTROL WUKBER 2. ORDER
" N = RUMBER b DATE
- INTRA-ARMY ORDER FOR 79V021 12 J '
- an 79
REIMDURSABLE SERVICES 3 T ———
For us2 of this form, soe AR 37-103 end , L_ -
AR 137-110; tha proponent ogency Is a NUMBER ODATE
Office of the Comptroller of tha Army. [} Funoeo D AUTOMATIC
4. : ¥ (C d, Installati Activity), ] s d, Installatl Activity),
SRRREE e hi Ciy Coaes) b RuTovon ™ LSBT L IR MRS it
NUMBER . - . . N - .
U Mg Army Engineer District, Galveston Southwestern Division Laboratory
Corps of .Engineers, P. 0. Box 1229 U. S. Army Engr Div, Southwestern
Galveston, Texas 77553 . T 4815 Cass. Street
ATTN: SWGED-F - Dallas, Texas

.

8. DESCRIPTION OF SERVICES TO BE PERFORMED

Job: ' Freeport Harbor, Texas (45—Foot-Projeqtj

Location: Freeport, Texas
Directive Job No.: ) BA008304J20B000
Estimated Cost; . . $1,880

See éttached sheet for sémples submitted and tests requested. Test
results are yequested by 1 May 1979. -

Additional Tnstructions:

Thé‘amdunt‘of direct charges authorized by this order will not be
exceeded without prior approval of this office. : ‘

Billing will be on SF 1080 and will cite the order number shown in
block 2a above, indicating either-a partial or final hilling. Receipt -
of final billing will constitute g términation of this order and an
automatic withdrawal of any unused balance. ' -

N

T¢ HAME AND TITLE OF ORCERING OFFICER : h BIGNATURE

¢ DATE
JOSEPH C, TRAHAN

Chief, Engineering Division '

DRIGIHATIRG FINANCE AKD :CCOU%&?EE-GS @F!FI‘CE APPEOVAL

8a. ACCOUNTING CLASSIFICATION .| b- AMOUNT

06X¥3121 BAO08304J20B000 $2.068
¢ CHANGE .
" INCREASE AMODUNT DECREASE AMOUNT REVISED AMOUNT___
9. Services to be performed pursuant to this ordes are properly chargeable to the appropri-
ations or other accounts indicated above until the expiration
date of this order. (Day - Konth - Vosd :

10a. TYPED HAME AND TITLE OF APPROVIKG OFFICER] b MIGNATURE € DATE

ACCEPTING OFFICER

1. sTHE ABOVE TERMS AHD CONDITIONS ARE SATISFACTORY ARD ARE ACCEPTED.

o TYPELD NAME AND TITLE OF ACCEPTING OFFICEN | b SIGNATURK c. DATE ACCERTEL

DA FORM 2544 REPL ACES EDITION OF OCT 64 WHICH WILL BE USED UNTIL EXHAUSTED,
’ 1 DRE 7S _ T ¥¢ U.5.GP0:1975-0-665-697/79 -




12 January 1979

EFREEPORT HARBOR, TEXAS
(45-FOOT. PROJECT)

TEST REQUEST 75V021

A. Testing Requested on all Samples:

S-1 Visual Classification 4 e$ 6.00 §

S5-3 Unit Weight and Water Content 4 e - 24.00

S-4 Grain-size Analysis, Sieve 4 @ 20.00

S5-9 Liquid Limit 4 @ 20.00

S-10 Plastic Limit 4 @ 20.00

S-32a Saturated Q Triaxial Compression 3 @ 365.00 1,

S-33 R Triaxial Compression 1 @ 425.00
Total $1,

i
B. Samples Submitted:

Boring No. Sample No. Sample Depth Tests Requested

78-242 S-7 18.0-20.0 32a

78-242 S-12 35.0-37.5 32a

78-245 S-7 17.5-20.0 33

78-248 S-8 20,0-22.5 32a

Normal loads of 0.5, 1.0 and 3.0 T/SE on all samples.

24,
96.
80.
80,
80.
095.
425,

880

00
00
00
00
00
00
00

.0C
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VELASCO DRAINAGE DISTRICT PSI REPORT No. 291-100-2
LEVEE EVALUATION REPORT JuLy 7, 2011
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REG. NO. F-825 PROJECT NO. 10507
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BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:38 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY

LOG OF BORING ORN-01

FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE
FREEPORT, TEXAS

PSI Project No.: 291-100

DEPTH OF BORING: 24 FEET
DATE DRILLED: 1/5/11
NOTES:

INITIAL GROUND WATER: 24 FEET
FINAL GROUND WATER:

'_
t H_J gl DICOORDINATE (X) OR EASTING: 3140243.877 Eo| oY o E wE SHEAR STRENGTH ED
= | = | S [§/COORDINATE (Y) OR NORTHING: 13548542.85 5 |ZL S|P ol | eo g
= | 5| % [S/APPROXIMATE SURFACE ELEVATION: 16.76 FEET| = |82 |32 |22 |52 | 22 (tons/square foot) )
5| 0| o [SSTATIONNO: 137+96 SR - 1= z=
a9 B |ss & |22 |OHP @UC ATV AUU| D
1) z z &}
> SOIL DESCRIPTION TREEEE 0.0 05 1.0 15 20 25| &
FILL = FILL: CLAYEY SAND, DENSE, GRAY " "
- with gravel at 0-2 ft.
FILL FILL: SANDY LEAN CLAY, STIFF TO VERY STIFF,
BROWN AND YELLOWISH BROWN 58 | 37 | 18 | 19 | 19 H 109
- with gravel at 2-6 ft.
5 - with ferrous stains at 4-8 ft. 19 =
8 19
- with gravel at 8-12 ft.
18
10 - with organic material at 10-12 ft. 15
FILL FILL: FAT CLAY WITH SAND, FIRM TO STIFF,
YELLOWISH BROWN 5 | 80| 77 122155 | 29
- with calcareous nodules at 12-14 ft.
15— - with gravel at 14-18 ft. 23 =
9 39
Y/ cH [ FAT CLAY (CH), STIFF, BROWN L
90| 65 | 25 | 40 31
20 - with calcareous nodules at 20-22 ft.
/ 32 | Hidw 93
/ - with silt seams at 22-24 ft.
/ 5 39
I e
50

= = & ] Iniformation Geotechnical Consulting Services
=FEY1H Build On 1714 Memorial Drive
Engincering = Consulting = Testing  Houston, Texas 77007

PLATE NO: 3 (Page 1 of 1)




LOG OF BORING ORN-02

FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE
FREEPORT, TEXAS

BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:38 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY PSI Project No.: 291-100
|_

. — I
= H_J % ICOORDINATE (X) OR EASTING: 3142208.527 E oo w A o E " g SHEAR STRENGTH E_UD
|z S [7|COORDINATE (Y) OR NORTHING: 13548294.31 o |ZL|SE|FPE| S| &e g _
il % |S/APPROXIMATE SURFACE ELEVATION: 16.26 FEET| = Bo o222 |52| Pz (tons/square foot) £%
5| 0| o [SSTATIONNO: 157+92 SR - 1= z=
a9 B |ss a |83 |OHP ®UC ATV AUU | D

(2] z z (&)
) SOIL DESCRIPTION TR 0.0 05 1.0 15 20 25| &
FILL | FILL: CLAYEY SAND, MEDIUM DENSE, GRAY 4 9
- with gravel at 0-2 ft.
FiLL I FILL: LEAN CLAY, STIFF, GRAY AND YELLOWISH
BROWN 21 &
FILL with gravel at 2-4 ft. /
5 FILL: CLAYEY SAND, VERY LOOSE TO MEDIUM 44 | 34 | 13 | 21 | 16
DENSE, BROWN
X - with calcareous nodules at 4-8 ft. 18 18
X 3 18
6 | 29 45 | H+He 110
50
DEPTH OF BORING: 12 FEET INITIAL GROUND WATER: 12 FEET
DATE DRILLED: 1/5/11 FINAL GROUND WATER:
NOTES:

lﬁ ‘s ] Information Geotechnical Consulting Services
=5, Build On 1714 Memorial Drive
Engincering - Consulting - Tosting  Houston, Texas 77007 PLATE NO: 4 (Page 1 of 1)



BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:39 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY

LOG OF BORING ORN-03

FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE
FREEPORT, TEXAS

PSI Project No.: 291-100

DEPTH OF BORING: 25 FEET
DATE DRILLED: 1/6/11
NOTES:

INITIAL GROUND WATER: APPROX.16 FEET
FINAL GROUND WATER:

'_

. | T
= H_J 8 DICOORDINATE (X) OR EASTING: 3143364.122 E oo w A o E " g SHEAR STRENGTH E_UD
- i s i COORDINATE (Y) OR NORTHING: 13546989.15 o | &Y 5': EE QE %,. =
= | 5 | % [SAPPROXIMATE SURFACE ELEVATION: 1563 FEET| = |22 |82 |22 |62 | B¢ (tons/square foot) g
5| 0| o [SSTATIONNO: 175+97 9 &R |77 | |37 8k a z=
[m) n 8 2 °\°§ o §8 OHP @UC ATV uu >

= SOIL DESCRIPTION TR 0.0 05 1.0 1.5 2.0 25| &
FILL I FILL: CLAYEY SAND, LOOSE, BROWN . ”
- with gravel at 0-2 ft.
FILL FILL: SANDY LEAN CLAY, STIFF, BROWN 18
- with gravel at 2-16 ft. N
5 12 =
66 | 46 | 13 | 33 17 =
- with organic material at 8-10 ft. 11 L
13 =
v/ CH FAT CLAY (CH), FIRM TO VERY STIFF, BROWN,
DARK BROWN, REDDISH BROWN AND GRAY 33
- with calcareous nodules at 12-14 ft.
15— / 96 30 =
/ 39 g
/ o
=
/ 98 | 74 | 25 | 49 | 37 | H{# 86
/ - with calcareous and ferrous nodules at 24-25 ft. 33
~25—z 27 8
50

= = & ] Iniformation Geotechnical Consulting Services
=FEY1H Build On 1714 Memorial Drive
onsulting « Testing  H(

Engincering « € ouston, Texas 77007

PLATE NO: 5 (Page 1 of 1)




BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:39 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

LOG OF BORING ORN-04

FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE
FREEPORT, TEXAS

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY

PSI Project No.: 291-100

'_
t H_J gl DICOORDINATE (X) OR EASTING: 3143049.214 Eo| oY o E wE SHEAR STRENGTH ED
= | = | = [F|COORDINATE (Y) OR NORTHING: 13544905.8 5 |ZU |Se|Ee | o) | go g
= | | 5 [S|APPROXIMATE SURFACE ELEVATION: 16.06 FEET| = (32 |32 (%2 |52 | 2z (tons/square foot) £%
5| 0| o [SSTATIONNO: 197+84 SR - 1= z=
a9 B |ss & |22 |OHP @UC ATV AUU| D
1) z z &}
> SOIL DESCRIPTION TR 0.0 05 1.0 15 20 25| &
FILL | FILL: SAND AND GRAVEL, LOOSE, GRAY
- with shell fragments 7 5
FILL FILL: SANDY FAT CLAY, STIFF, BROWN AND
REDDISH BROWN 10 | 70 6
- with gravel at 2-8 ft.
5 20 =
- with sand pockets at 6-10 ft. 6 81 | 24 2| 24 93
- with organic material at 6-10 ft. 5 5
23
10 FiLL I FILL: FAT CLAY, STIFF, DARK BROWN TO N
BROWN 92 (53 |19 | 34 | 25 &
-HC at 10 to 12 ft., K=6.56 E-10 ft/sec
- with sand pockets at 12-14 ft. 21 5
7 CH FAT CLAY WITH SAND (CH), STIFF, DARK
157 v BROWN AND BROWN 31
/ - - with ferrous stains at 16-20 ft. 34 N
% - with calcareous nodules at 18-20 ft. o7
—20—/
/ 41
% 43
A - gray with calcareous nodules at 24-25 ft. 84 | 50 | 17 | 33 | 24 a 101

25

50

DEPTH OF BORING: 25 FEET
DATE DRILLED: 1/5/11

NOTES: HC - Hydraulic Conductivity Test

INITIAL GROUND WATER: 16 FEET
FINAL GROUND WATER:

l .E';Iﬁj Bu
onsulting

Engineering » C

Information Geotechnical Consulting Services
ilel O 1714 Memorial Drive
- Testing  H

ouston, Texas 77007

PLATE NO: 6 (Page 1 of 1)




LOG OF BORING ORN-05

FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE
FREEPORT, TEXAS

BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:39 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY PSI Project No.: 291-100
'_
t H_J gl ICOORDINATE (X) OR EASTING: 3142159.862 E oo w o E wE SHEAR STRENGTH ED
= | & | = [F|COORDINATE (Y) OR NORTHING: 13543106.59 5 |ZU |Se|Ee | o) | go g
= | | 5 [S|APPROXIMATE SURFACE ELEVATION: 15.77 FEET| = (32|32 (%22 |52 | Bz (tons/square foot) g
5| 0| o [SSTATIONNO: 218+39 SR - 1= z=
a9 B |ss & |22 |OHP @UC ATV AUU| D
(2] z z (&)
5 SOIL DESCRIPTION TR 00 05 1.0 1.5 2.0 25| &
FILL I FILL: CLAYEY SAND, MEDIUM DENSE, BROWN 3 2
- with gravel at 0-2 ft.
FiLL [ FILL: FAT CLAY, STIFF, BROWN
- with gravel at 2-8 ft. 86| 61|25 36 ° i 104
5 14 14
19 £
-HC at 8- 10 ft. - K = 2.33 E-09 ft/sec
- SG at 8-10 ft. Gs=2.588 105
10 FILL | FILL: LEAN CLAY, FIRM TO STIFF, BROWN B
- with silt seams 4 27 M
20
15— 20 =
AV
3 35
cL [ LEAN CLAY WITH SAND (CL), SOFT, BROWN
-SG at 18-20 ft. Gs=2.683 80 | 42 | 17 | 25| 38
X 3 29
X 4 25
25— 2 39
CL |/ SANDY LEAN CLAY (CL), SOFT, BROWN
X - with silt seams 2 56 27 15 12 32 IRRERRRRRRRRRRRRREER
X 2 34
: X 4 53
SC || CLAYEY SAND (SC), LOOSE, BROWN
~ X 6 | 40 23
40—
X 9 63
45—
"/ CH | |FAT CLAY (CH), FIRM, BROWN
- CU at 48-50 ft. - ¢'=0.58 ksf, ¢'= 23.4°
/ 99| 67 | 26 | 41 | 46
50 Z
DEPTH OF BORING: 80 FEET INITIAL GROUND WATER: 16 FEET
DATE DRILLED: 1/6/11 FINAL GROUND WATER:

NOTES: HC - Hydraulic Conductivity Test; SG - Specific Gravity Test; CU - Consolidated Undrained Triaxial Test with Pore Pressure

lﬁ ‘s ] Information Geotechnical Consulting Services
=5, Build On 1714 Memorial Drive
Engincering - Consulting - Tosting  Houston, Texas 77007 PLATE NO: 7 (Page 1 of 2)



LOG OF BORING ORN-05

FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE
FREEPORT, TEXAS

BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:39 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY PSI Project No.: 291-100
'_
t H_J gl ICOORDINATE (X) OR EASTING: 3142159.862 E oo w o E wE SHEAR STRENGTH ED
= | & | = [F|COORDINATE (Y) OR NORTHING: 13543106.59 5 |ZU |Se|Ee | o) | go g
= | | 5 [S|APPROXIMATE SURFACE ELEVATION: 15.77 FEET| = (32|32 (%22 |52 | Bz (tons/square foot) g
5| 0| o [SSTATIONNO: 218+39 SR - 1= z=
a9 B |ss & |22 |OHP @UC ATV AUU| D
(2] z z (&)
5 SOIL DESCRIPTION TR 00 05 1.0 1.5 2.0 25| &
FILL I FILL: CLAYEY SAND, MEDIUM DENSE, BROWN 3 2
- with gravel at 0-2 ft.
FiLL [ FILL: FAT CLAY, STIFF, BROWN
- with gravel at 2-8 ft. 86| 61|25 36 ° i 104
5 14 14
19 £
-HC at 8- 10 ft. - K = 2.33 E-09 ft/sec
- SG at 8-10 ft. Gs=2.588 105
10 FILL | FILL: LEAN CLAY, FIRM TO STIFF, BROWN B
- with silt seams 4 27 M
20
15— 20 =
AV
3 35
cL [ LEAN CLAY WITH SAND (CL), SOFT, BROWN
-SG at 18-20 ft. Gs=2.683 80 | 42 | 17 | 25| 38
X 3 29
X 4 25
25— 2 39
CL |/ SANDY LEAN CLAY (CL), SOFT, BROWN
X - with silt seams 2 56 27 15 12 32 IRRERRRRRRRRRRRRREER
X 2 34
: X 4 53
SC || CLAYEY SAND (SC), LOOSE, BROWN
~ X 6 | 40 23
40—
X 9 63
45—
"/ CH | |FAT CLAY (CH), FIRM, BROWN
- CU at 48-50 ft. - ¢'=0.58 ksf, ¢'= 23.4°
/ 99| 67 | 26 | 41 | 46
50 Z
DEPTH OF BORING: 80 FEET INITIAL GROUND WATER: 16 FEET
DATE DRILLED: 1/6/11 FINAL GROUND WATER:

NOTES: HC - Hydraulic Conductivity Test; SG - Specific Gravity Test; CU - Consolidated Undrained Triaxial Test with Pore Pressure

lﬁ ‘s ] Information Geotechnical Consulting Services
=5, Build On 1714 Memorial Drive
Engincering - Consulting - Tosting  Houston, Texas 77007 PLATE NO: 7 (Page 1 of 2)



LOG OF BORING ORN-05

FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE
FREEPORT, TEXAS

BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:39 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY PSI Project No.: 291-100
'—
. - I
L a| @@ LY o |E | uE| SHEARSTRENGTH |©
el =R o |22 (8| FE|SF | g2 g _
Elal & = = ﬁg o= %% '@% E& (tons/square foot) £8
3 3 =| Q2 zZ=
28| 8™ B %o “ |2 |28 |ovp euc ATV AUU | S
(2] z z (&)
4 SOIL DESCRIPTION — = 0.0 05 1.0 1.5 2.0 25| &
'?/ CH | [FAT CLAY (CH), FIRM, BROWN
/ 1 o | 1L
-—55—%
| /
60 l/ CH | |FAT CLAY WITH SAND (CH), FIRM, BROWN
/
/ I 75| 65 | 25 | 40 | 41 s 79
L 65— /
7
SC |/ CLAYEY SAND (SC), MEDIUM DENSE, BROWN
XAND GRAY 26 | 27 36
70—
77/ cn B FAT CLAY (CH), STIFF, GRAY
99 | 84 | 28 | 56 | 37 81
-—75—%
/ -with organics 78 - 80 ft.
/ 54
L 80
100
DEPTH OF BORING: 80 FEET INITIAL GROUND WATER: 16 FEET

DATE DRILLED: 1/6/11 FINAL GROUND WATER:
NOTES: HC - Hydraulic Conductivity Test; SG - Specific Gravity Test; CU - Consolidated Undrained Triaxial Test with Pore Pressure

'ne I ’ Information Geotechnical Consulting Services
@), Build On 1714 Memorial Drive
Engincering - Consuiting « sesting  Houston, Texas 77007 PLATE NO: 7 (Page 2 of 2)



BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:39 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

LOG OF BORING ORN-06
FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE

FREEPORT, TEXAS

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY

PSI Project No.: 291-100

DEPTH OF BORING: 24 FEET
DATE DRILLED: 1/6/11
NOTES: SA - Sieve Analysis

INITIAL GROUND WATER: 16 FEET
FINAL GROUND WATER: 15.5 FEET

'_
t H_J gl DICOORDINATE (X) OR EASTING: 3143668.636 Eo| oY o E wE SHEAR STRENGTH ED
= | &= | S [§/COORDINATE (Y) OR NORTHING: 13542489.08 5 |ZL S|P ol | eo g
= | 5| % [S/APPROXIMATE SURFACE ELEVATION: 1571 FEET| = |82 |32 |22 |52 | 22 (tons/square foot) )
5| 0| o [SSTATIONNO: 238+12 SR - 1= z=
a9 B |ss & |22 |OHP @UC ATV AUU| D
(2] z z (&)
5 SOIL DESCRIPTION TR 00 05 1.0 1.5 20 25| &
FILL = FILL: CLAYEY SAND, MEDIUM DENSE, BROWN
X - with gravel 24 11
13 | 23 20
- FiLL [ FILL: LEAN CLAY, STIFF, BROWN 14 I
D =
FILL H{FILL: CLAYEY SAND, VERY LOOSE TO MEDIUM
X DENSE, YELLOWISH BROWN 10 12
- SA at 8 -10 ft., 0% gravel, 72.1% sand, 27.9% fines
X 10 | 28 13
X 3 19
X - with gravel at 12-14 ft. 13 | 28 20
- with root fibers 14-18 ft.
15— % X 3 24
4 37
CL || SANDY LEAN CLAY (CL), VERY SOFT TO FIRM,
X BROWN 1 | 65[31 |17 |14 | 28
20— - with silt seams
X 2 31
6 33
50

= = & ] Iniformation Geotechnical Consulting Services
=5, Build On 1714 Memorial Drive
Engineering « Consulting « Testing  H

ouston, Texas 77007

PLATE NO: 8 (Page 1 of 1)




BORINGLOG HOUSTON - PSIHOUSTON.GDT - 6/7/11 10:40 - C:\DOCUMENTS AND SETTINGS\911769\DESKTOP\003 BORING LOGS\OLD RIVER NORTH LEVEE.GPJ

LOG OF BORING ORN-09
FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE

FREEPORT, TEXAS

TYPE OF BORING: SOLID FLIGHT AUGER/WET ROTARY

PSI Project No.: 291-100

DATE DRILLED:

DEPTH OF BORING: 20 FEET

17711

'_

. | T
= H_J % DICOORDINATE (X) OR EASTING: 3148325.368 E oo w A o E " g SHEAR STRENGTH E_UD
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D SOIL DESCRIPTION TREEEE 00 05 1.0 15 2.0 25| &
FILL = FILL: CLAYEY SAND, MEDIUM DENSE, BROWN
X - with gravel 13
- with asphalt at 0-2 ft
- with organic material at 2-4 ft. 12 | 32 17
- FILL FILL: SANDY LEAN CLAY, VERY STIFF, BROWN
2 - with gravel at 4-6 ft. 15
-CUat4-8ft -c'=0.28 ksf, ¢'=24.2°
-SG at 6 - 8 ft.- Gs=2.731 74 | 44 | 17 | 27 | 32
WILL FILL: CLAYEY SAND, VERY LOOSE TO LOOSE,
" v X BROWN 3 33
X 3 | 4923|1211 26
X 2 26
- gray, with silt seams at 14-16 ft.
15 X - WOH: Weight of Hammer WOH| 13 25
X - with silt seams 2 24
5 41 | 3 11| 20 | 36
20
50

INITIAL GROUND WATER: 10 FEET
FINAL GROUND WATER: 9 FEET

NOTES: SG - Specific Gravity Test; CU - Consolidated Undrained Triaxial Test with Pore Pressure
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Plasticity Index

KEY TO TERMS AND SYMBOLS USED ON LOGS

SOIL TYPE

oo V

oo

X i /
GRAVEL SAND SILT  LEANCLAY FAT CLAY  PEAT

MODIFIERS
H °©o0o e
s 000 R e
HIH[H 000 AR aialalalels
STONE GRAVELY  SANDY SILTY CLAYEY MISC.
(SEE TEXT ON LOG)
UNIFIED SOIL CLASSIFICATION SYSTEM - ASTM D 2487
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DEGREE OF PLASTICITY OF

MOISTURE CONDITION

COHESIVE SOILS

COHESIVE SOILS

SAMPLER TYPE
NO AUGER SHELBY SPLIT
SAMPLE SAMPLE TUBE SPOON
NO ROCK 2" SHELBY TXDOT

RECOVERY CORE TUBE CONE

CONSISTENCY OF COHESIVE SOILS

SHEAR STRENGTH

CONSISTENCY IN TONS/FT?

VERY SOFT 0TO 0.125

SOFT 0.125 TO 0.25

FIRM 0.25TO 0.5

STIFF 0.5T0O 1.0

VERY STIFF 1.0TO2.0

>2.00R 2.0+

HARD

RELATIVE DENSITY - GRANULAR SOILS

CONSISTENCY N-VALUE (BLOWS/FOOT)

VERY LOOSE 0TO4
5T09
10TO 29

30 TO 50

LOOSE

MEDIUM DENSE

DENSE

VERY DENSE > 50 OR 50+

CONSISTENCY OF COHESIVE SOILS
AFTER TERZAGHI (1948)

DEGREE OF CONSISTENCY N-VALUE (BLOWS/FOOT)
pLASTIGTy |PLASTICITY INDEX] SWELL POTENTIAL DESCRIPTION CONDITION — —
NONE OR SLIGHT 0TO4 NONE Absence of moisture, DRY SOFT 2704
Low 470 20 Low dusty, dry to touch FIRM 4708
MEDIUM 20 TO 30 MEDIUM Damp but no visible oSt STIFF 8TO 15
HIGH 30 TO 40 HIGH water VERY STIFF 15 TO 30
VERY HIGH > 40 VERY HIGH Visible free water WET HARD >30
ABBREVIATIONS
HP - HAND PENETROMETER UC - UNCONFINED COMPRESSION TEST _! FINAL GROUND WATER LEVEL
TV - TORVANE UU - UNCONSOLIDATED UNDRAINED TRIAXIAL
MV - MINIATURE VANE CU - CONSOLIDATED UNDRAINED v INITIAL GROUND WATER
NOTE: PLOT INDICATES SHEAR STRENGTH AS OBTAINED BY ABOVE TESTS - LEVEL
CLASSIFICATION OF GRANULAR SOILS
U.S. STANDARD SIEVE SIZE(S)
6" 3" 3/4" 10 40 200
BOULDERS| COBBLES GRAVEL SAND SILT OR CLAY CLAY
COARSE | FINE COARSE| MEDIUM FINE
152 76.2 19.1 4,76 2.0 0.42 0.074 0.002
GRAIN SIZE IN MM
H Geotechnical Consulting Services
(o 7 ~J ]
l.-!al Houston, Texas. PLATE 10
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PROJECT NAME: FREEPORT LEVEE SYSTEM: OLD RIVER NORTH LEVEE

PROJECT LOCATION: EREEPORT, TEXAS

SUBSURFACE DIAGRAM
OLD RIVER NORTH LEVEE

PROJECT NUMBER:291-100
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% Sandy Lean Clay (CL)

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000
20 ORN-09 (EL: 17.2) 20
ORN-01 (EL: 16.8 . - 117,
( ) ORN-02 (EL: 16.3) ORN-03 (EL: 15.6) ORN-04 (EL: 16.1)ORN-05 (EL: 15.8) ORN-06 (EL: 15.7)
k] R RO
148 £ s B 2ete! g 2%
0% - 136 [ MRS 138 B 13.2
ose: Pode! o%e%s b0
oo 12.3 o ot N0se! 1.7
10 R oo o 5 9.7 9.2 10
£S5 £S5 ote B : .
] 5 b
e et 61 K atets
% (R TR 58 b8
4.8 [ 43 %% lodo%s 0!
gt 36 vy el gt
oeX 21 77 oeX
4 7 'Y 4
0 5 o 0
2 7 / / 22 ;}0‘ 23
/ / CH / - / 2 2.8
22 7 /
A 8.9 A é 8.3
-10 94 o 102 / -10
E /
c /
5 /
T -20 / -20
w
222 %
-30 é -30
-31.2 y
-34.2 é
-40 % -40
7
-44.2 7
-50 / -50
7
-52.2 7
7
-57.2 V
-60 % -60
-64.2 A
-70 -70
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000

Distance Along Baseline (ft)

Plate 11



911769
Text Box
Plate 11


SIEVE ANALYSIS - ASTM D 422

Project Name:

Freeport Levee

Project Number: 291-100

Boring Number:

ORN-6

Depth, feet: 8-10 ft.

Sample No./ID: N/A

Oven:

286-99084419

Specific Gravity (Assumed): 2.700

Scale:

D 3141118413571

Test Date: 01/19/11

Classification:

Silty Sand (SM)

Tested By: MH

BEFORE WASHING NO. 200 SIEVE

AFTER WASHING NO. 200 SIEVE

Weight of Pan, gms: 191.33 Weight of Pan and Sample, gms: 453.23
Weight of Pan and Sample, gms: 532.42 Weight of Dry Sample (B), gms: 261.90
Weight of Dry Sample (A), gms: 341.09 Percent Passing 200 {(A-B)*100/100), %: 23.22
Percent Gravel (%): 0.0 Percent Sand (%): 72.1 Percent Fines (%): 27.9
D10 (mm): N/A D30 (mm): 0.079 D60 (mm): 0.139
Coefficient of Uniformity, Cu (D60/D10): N/A Coeff. of Curvature, Cc (D30°/D10*D60): N/A
( 76.2 19.1 4.76 2 0.42 0.074 0.002 )
100 prerfm—— - Pr—tp P}
ofb l L L
[ | | | | | | |
obl L -
@ 0k | L L
a [ | | | | | | |
0 60 - ‘ ‘ ‘ — —
[} [ | | I | | | | |
o 50 F ! ! ! L [
= | |Coarse Gravel: 3" to 3/4" (19.1) P
Y 40 Ei |Fine Gravel: 3/4" (19.1) to No.4 (4.76) o
5] || Coarse Sand: #4(4.76) to #10 (2.0) -
o 30 B
: Medium Sand: #10 (2.0) to #40 (0.42) : :
20 F/ |Fine Sand: #40 (0.42) to #200 (0.074) L
10 [ Silt or Clay: #200 (0.074) to 0.002 mm —
| | |
0 |
100 10 1 Grain Size. mm 01 0.01 0.001
\_ J
Total No. of Sieves Used Including Pan: 10
US Standard Sieve Sieve Size (mm) Cumulative Weight | Percent Retained on | Cumulative Weight Percent Passing
No. Retained (gms) Sieve (%) Passing (gms) through Sieve (%)
1/2" 12.500 0.00 0.00 532.42 100.00
3/8" 9.500 0.00 0.00 341.09 100.00
#4 4.750 0.00 0.00 341.09 100.00
#10 2.000 0.00 0.00 341.09 100.00
#20 0.850 1.29 0.38 339.80 99.62
#40 0.425 3.07 0.90 338.02 99.10
#60 0.250 16.83 4.93 324.26 95.07
#100 0.150 118.20 34.65 222.89 65.35
#200 0.075 245.83 72.07 95.26 27.93
PAN - 260.63 76.41 80.46 23.59

ORN-6, 8-10 ft..xls



[ 2 Y Professional Service Industries, Inc.

Project No: 291-100 Sample Identification: ORN-4, 10-12 ft.

Technician: Juan Sample Description: Brown Fat Clay with sand pockets

Project Name : FREEPORT LEVEE

INITIAL CONDITIONS FINAL CONDITIONS
WATER CONTENT SPECIMEN DATA WATER CONTENT SPECIMEN DATA

Tare No.: 161 Length, in: 3.197 Tare No.: A09 Length, in: 3.257

Wet+Tare, gms: 60.75 Diameter, in: 2.826 Wet+Tare, gms: 386.74 Diameter, in: 2.875

Dry+Tare, gms: 50.24 Wet mass, gms: 643.09 Dry+Tare, gms: 341.99 Wet mass, gms: 567.76

Tare Weight, gms: 11.46 Area, sg.cm.: 40.47 Tare Weight, gms: 189.54 Area, sg.cm.: 41.88

Moisture, % 27.10 Volume, cc: 328.61 Moisture, % 29.35 Volume, cc: 346.49
Unit wet wt, pcf: 122.12 Unit wet wt, pcf: 102.25

Specific Gravity: 271 Unit dry wt, pcf: 96.08 Specific Gravity: 2.71 Unit dry wt, pcf: 79.05

Saturation, %: 96 Void Ratio: 0.76 Saturation, %: 69.78 Void Ratio: 1.14

Perm. Cell No.: Perm 4 Burret diam, cm: 1.13 Burret area,sg.cm.: 1.00 Burret factor,cm/cc: 1.0000

Cell Pressure, psi: 68.0 Head Pressure, psi: 62.0 Tail Pressure, psi: 58.0

PERMEABILITY MEASUREMENT

Elapse Temp Pressure Head Tail Head Tail Total Permeability Permeability
Date Time Time °C) Diff. Rdg Rdg Change  Change Head Kt Kao
(sec) (psi) (cc) (cc) (cm) (cm) (cm) (cm/sec) (cm/sec)
1/31/2011  08:50 0 22.1 4.0 0.0 24.5 0.000 0.0000 308.19 0.0E+00 0.0000
1/31/2011  15:35 24300 22.0 4.0 2.5 23.0 -2.500 -1.5000 303.79 5.9E-08 5.6E-08
2/1/2011 8:20 84600 22.1 4.0 3.0 22.1 -0.500 -0.9000 302.24 5.9E-09 5.7E-09
2/1/2011 12:20 99000 22.1 4.0 6.2 20.4 -3.200 -1.7000 296.85 1.8E-08 1.7E-08
2/2/2011 9:49 152040 22.1 4.0 8.5 17.9 -2.300 -2.5000 291.56 1.2E-08 1.1E-08
Coefficient of Permeability, k = 2.2E-08 cm/sec
7.4E-10 ft/sec

Computed By: VG Date: 2/8/2011 Checked By: MV Date: 3/15/2011




Professional Service

Industries, Inc.

Project No: 291-100 Sample Identification: ORN-5, 8-10 ft.
Technician: Juan Sample Description: Brown Sandy Clay
Project Name : FREEPORT LEVEE
INITIAL ONDITIONS FINAL CONDITIONS
WATER CONTENT SPECIMEN DATA WATER CONTENT SPECIMEN DATA
Tare No.: 99 Length, in: 3.231 Tare No.: A88 Length, in: 3.237
Wet+Tare, gms: 63.93 Diameter, in: 2.790 Wet+Tare, gms: 384.89 Diameter, in: 2.836
Dry+Tare, gms: 53.98 Wet mass, gms: 669.28 Dry+Tare, gms: 347.72 Wet mass, gms: 673.15
Tare Weight, gms: 11.24 Area, sg.cm.: 39.44 Tare Weight, gms: 187.99 Area, sg.cm.: 40.75
Moisture, % 23.28 Volume, cc: 323.70 Moisture, % 23.27 Volume, cc: 335.08
Unit wet wt, pcf: 129.02 Unit wet wt, pcf: 125.36
Specific Gravity: 271 Unit dry wt, pcf: 104.66 Specific Gravity: 2.71 Unit dry wt, pcf: 101.69
Saturation, %: 96 Void Ratio: 0.62 Saturation, %: 95.03 Void Ratio: 0.66
Perm. Cell No.: Perm 2 Burret diam, cm: 1.13 Burret area,sg.cm.: 1.00 Burret factor,cm/cc: 1.0000
Cell Pressure, psi: 68.0 Head Pressure, psi: 63.0 Tail Pressure, psi: 58.0
PERMEABILITY MEASUREMENT¢
Elapse Temp Pressure Head Tail Head Tail Total Permeability Permeability
Date Time Time °C) Diff. Rdg Rdg Change  Change Head Kt Kao
(sec) (psi) (cc) (cc) (cm) (cm) (cm) (cm/sec) (cm/sec)
1/31/2011  08:50 0 22.1 5.0 0.0 24.5 0.000 0.0000 378.49 0.0E+00 0.0000
1/31/2011 15:35 24300 22.0 5.0 18.2 22.0 -18.200 -2.5000 355.69 2.6E-07 2.5E-07
2/1/2011 8:20 84600 22.1 5.0 12.2 12.0 6.000 -10.0000 351.28 1.5E-08 1.4E-08
2/1/2011 12:20 99000 22.1 5.0 16.5 8.6 -4.300 -3.4000 342.80 2.5E-08 2.4E-08
2/2/2011 9:49 152040 22.1 5.0 23.0 2.0 -6.500 -6.6000 328.36 2.9E-08 2.7E-08
Coefficient of Permeability, k = 7.8E-08 cm/sec
2.6E-09 ft/sec
Computed By: VG Date: 2/8/2011 Checked By: MV Date: 3/15/2011




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name:

Freeport Levee

Classification: Brown fat clay (CH)

Project Number:

291-100

Boring Number: ORN-5 Depth, feet: 48-50 ft. Sample No./ID: NA

Liquid Limit:

67

Plastic Limit: 26 Plasticity Index: 41 Percent Passing No. 200: 99.0%

Specimen/Stage Data

After Consolidation or Shear Description Saturation/Consolidation

Before Test

Specimen/Stage No.

Specimen/Stage No.

Diameter (D),in.: 2.812 2.800 2.830 2.806 2.689 2.645
Height (H), in.: 5.680 5.572 5.685] 5.601 5.449 5.434||Method Wet Mounting Method
Cross-Sectional Area, in’ 6.210 6.158 6.290 6.184 5.680 5.495([Cell Pressure, Ibs/in? 80.2 98.3 98.7]
\Vol. (Vo, Vf), cm?: 578.1 562.2 586.0, 567.5 507.2 489.3||Back Pressure, Ibs/in? 60.8 58.0 39.0
Moisture, {Wo, Wf} %: 42.4% 45.7% 54.1% 41.6% 37.8% 40.1%|[B-Parameter 0.97 0.95 0.96]
et Soil Wt. {Mo, Mf}, ,gm: 1028.25 986.99 977.11 1022.00 933.64 888.53|[Consolidation Pressure, Ibs/in? 19.4 40.3 59.7]
et Unit Weight, pcf: 111.0 109.54 104.0 112.4 114.87 113.3||Volume Change After (AV), cm?® 22.2 48.5 47.8]
Dry Unit Weight, pcf: 77.9 75.2 67.5 79.4 83.3 80.9||Time for Consolidation, min. 1710 2825 1420
Specific Gravity (Assumed): 2.7 2.7 2.7 2.7 2.7 2.7||Failure Type: 1 Single Shear
oid Ratio, eo, ef: 1.16 1.24 1.50 1.12 1.02 1.08 2 Single Shear
Degree of Saturation, So, Sf: 0.99 0.99 0.98 1.00 1.00 1.00 3 Bulge
sh I Specimen/Stage |
ear Data 1 > 3
Total Shearing Time, min 1800 1469 1466
Strain Rate, %/hr 0.50 0.50 0.50
Axial Strain at Failure, % 15.03 12.13 8.49
Deviator Stress, Ibs/in? (Ao) 20.23 35.99 39.52
Excess Pore Pressure, Ibs/in’ (u) 13.13 25.75 40.40
A-Parameter, (u/Ac) 0.65 0.72 1.02
Total Major Pincipal Stress, Ibs/in? (cl=063 + Ac) 39.45 75.86 100.65,
Total Minor Pincipal Stress, Ibs/in® (o3) 19.22 39.87 61.12
Effectivel Major Pincipal Stress, Ibs/in?( 6 1=01—-1u) 26.32 50.11 60.25
Effectivel Minor Pincipal Stress, Ibs/in®( ¢ 3 =03 — u) 6.09 14.12 20.72
Remarks:
-
o 1 ==t |
lr’ ~rry ORN-5, 48-50 ft. 10f 10




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown fat clay (CH)
Project Number: 291-100 Boring Number: ORN-5 Depth, feet: 48-50 ft. Sample No./ID: NA
Cohesion (C+), ksf:  0.68 Friction Angle(¢g+), deg: 10.8 Cohesion (Cy), ksf: 0.58 Friction Angle(éy), deg: 23.4
Remarks:
60 ‘ ‘ ‘ ‘
Specimen 1 - Total Stress Circle | |
55 B--- emmm=Specimen 1 - Effective Stress Circle | R R s
—— Specimen 2 - Total Stress Circle [ [
e Specimen 2 - Effective Stress Circle | |
50 p--- ——Specimen 3 - Total Stress Circle ™~ [~~~ s e
e Specimen 3 - Effective Stress Circle | |
45 b--- Total Stress Envelope ~ p______ Sy e
e Effective Stress Envelope |
|
|

Shear Stress, psi

50 60 70 80 90 100 110

Normal Stress,psi

tne-’
| pb=d F ORN-5, 48-50 ft.

120

20f10




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown fat clay (CH)
Project Number: 291-100 Boring Number: ORN-5 Depth, feet: 48-50 ft. Sample No./ID: NA
Cohesion ( (Cy), ksf: 0.57 Friction Angle(g¢y), deg: 23.4
Remarks:
40

| | |
| | |
e Specimen 1

35 k- - Specimen?2 | _ _ _ _

Specimen 3
T

w
o

N
(é1

[iny
[6a)

gq' ={Sig 1' - Sig 3")/2, psi
N
o

[EEY
o

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
p' ={Sig 1' + Sig 3'/2}, psi

t YY1}
| 1 | ORN-5, 48-50 ft. 30f 10




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown fat clay (CH)
Project Number: 291-100 Boring Number: ORN-5 Depth, feet: 48-50 ft. Sample No./ID: N/A
Remarks:

60

e Delta Sigma of 1

Delta Sigma of 2

e Delta Sigma of 3
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|
|
|
|
|
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|
|
|
|
|
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|

———————— ===
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

———m e mp——— == — A
|
|
|
|
|
|
|
|
|
|

T

|

50
P i Pore Pressure of 1
L | Pore Pressure of 2
|
" ! Pore Pressure of 3
40 } | ‘ .
3 |
N ¢ |
1] o |
a X |
230 F |
o B |
I | |
o |
i |
20 F e
o |
b |
|
3 |
- |
10 ™ :
|
|
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0 NP WP

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Axial Strain, %

t B,
| 1 | ORN-5, 48-50 ft. 4 of 10




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name:

Freeport Levee

Classification: Brown fat clay (CH)

Project Number: 291-100 Boring Number: ORN-5 Depth, feet: 58-60 ft. Sample No./ID: N/A
Specimen/Stage: Specimen 1 Effective Confining Pressure, psi: 19.4 Failure Type: Single Shear
Remarks:
Before Shearing
120 p ‘ ‘
] | | —ol —o3
1moe--——-—- - P m e -
00—~ - P m e -
: : Cell Pressure ®====Back Pressure
I R - e -
1 1 - Ac e==Pore Pressure
80 — l : ‘ -
~ 70F l ‘ l l
%) L | | | |
\% 9 | | | |
@ 1 1 1 1
g | | | |
& i lr i jl After Shearing

6.0

7.0
Axial Strain (%)

8.0 9.0

ORN-5, 48-50 ft.
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name:

Freeport Levee

Classification: Brown fat clay (CH)

Project Number: 291-100 Boring Number: ORN-5 Depth, feet: 58-60 ft. Sample No./ID: N/A
Specimen/Stage: Specimen 1 Effective Confining Pressure, psi: 19.4
Remarks:
Clock Elaspsed Burrette Volume
Date Time Time, min. || Readings cm®
3/1/2011 | 9:55:00 AM 0.0 24.5 0.0 Elapsed Time, min
3/1/2011 | 9:55:06 AM 0.1 23.4 1.1 ' '
312011 [|os5:12AM|| 0.2 23.0 15 0.01 0.1 1 10 100 1000 10000
31112011 ||o:55:30 M| 0.5 22.6 1.9 0.0
3/1/2011 || 9:56:00 AM 1.0 22.3 2.2
3/1/2011 |/ 9:57:00 AM 2.0 21.7 2.8
3/1/2011 | 9:59:00 AM 4.0 21.0 3.5
3/1/2011 [[10:03:00 AM 8.0 19.8 47 5.0
3/1/2011 [[10:10:00 AM 15.0 18.4 6.1 .
3/1/2011 [[10:25:00 AM|  30.0 16.2 8.3 g
3/1/2011 [[10:55:00 AM|  60.0 114 13.1 J 100
3/1/2011 [[11:55:00 AM| 120.0 8.7 15.8 g
3/1/2011 || 1:55:00 PM|| 240.0 7.4 171 5
3/1/2011 | 3:08:00 PM|| 313.0 6.9 17.6 z
3/2/2011 |[8:00:00 AM|[ 1325.0 - 21.6 o 15.0
3/2/2011 [[10:45:00 AM|| 1490.0 - 21.9 o
3/2/2011 |[2:25:00 PM|[ 1710.0 - 22.2 s
O
20.0
25.0

ORN-5, 48-50 ft. 6 of 10




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown fat clay (CH)

Project Number: 291-100 Boring Number: ORN-5 Depth, feet: 48-50 ft. Sample No./ID:

Specimen/Stage: Specimen 2 Effective Confining Pressure, psi: 40.3 Failure Type: Single Shear

Remarks:

Before Shear

150

140 B--------————————- 63 --

120 p----------------

Cell Pressure ====Back Pressure|

110 - --
Ac e==Pore Pressure

| |
| |
| -
| |
| |
300p--——-——"—"———-—-—-—-—----- : *************************** 4‘ ********** e ] —— 3 - -
l i
| |
| |
| |

100

go B--------------—

70

|
|
|
l
90 |
|
|
|
|
|
|
|

Stress (psi)

After Shear

60 BT

50

40

30

|
| |
| [ | |
‘ | -
| y [l [ [
20 | | | |
| | | | |
| y
10 | : S
| | | | |

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0
Axial Strain (%)

t YY1}
| 1 | ORN-5, 48-50 ft. 7 of 10



Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown fat clay (CH)
Project Number: 291-100 Boring Number: ORN-5 Depth, feet: 48-50 ft. Sample No./ID:
Specimen/Stage: Specimen 2 Effective Confining Pressure, psi: 40.3
Remarks:
Clock Elaspsed Burrette Volume
Date Time Time, min. || Readings cm?

1/18/2011 ||[10:55:00 AM|[ 0.0 24.5 0.0 Elapsed Time, min.

1/18/2011 ||10:55:06 AM| 0.1 23.6 0.9 0.01 01 1 10 100 1000 10000

1/18/2011 |[10:55:12 AM 0.2 23.1 1.4 0.0

1/18/2011 ||10:55:30 AM 0.5 22.4 2.1

1/18/2011 ||10:56:00 AM 1.0 22.0 25 5.0

1/18/2011 ||10:57:00 AM 2.0 21.1 34

1/18/2011 ||10:59:00 AM 4.0 15.2 9.3 10.0

1/18/2011 ||11:03:00 AM 8.0 10.5 14.0

1/18/2011 ||11:10:00 AM|  15.0 6.6 17.9 15.0

1/18/2011 ||11:40:00 AM||  45.0 0.0 24.5

1/18/2011 || 2:25:00 PM||  210.0 - 37.5 20.0

1/19/2011 ||10:35:00 AM|| 1420.0 - 449

1/20/2011 ||10:00:00 AM|| 2825.0 - 48.5

Change in Volume, cm?®
w N
o a
o o

w
o
o

N
©
o

45.0

50.0
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown fat clay (CH)
Project Number: 291-100 Boring Number: ORN-5 Depth, feet: 48-50 ft. Sample No./ID: N/A
Specimen/Stage: Specimen 3 Effective Confining Pressure, psi: 59.7 Failure Type: Bulge ||
Remarks:
Before Shear

160 ‘

150 B----- : ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _‘( —ocl c3 _

140 B-- - i ————————————————————————————————————————— 7: — T — G 3 -

130 - R 1 --

! ! Cell Pressure e====Back Pressure

120 B----- P - --

110 B----- .. 5 Ac e==pPore Pressure |__

100 :

[(e]
o

Stress (psi)
(o]
o

]
o

After Shear

L
S —
|

1
|
|
%
4

50 : :

40 _ _ |

30 1 1
| |

20 F- - Tm— e p— S SR TR
| | |

10 l l l
| | | |

| | | | | | | |
0 2 a2 a2 2 8 2 2 2 2 & 2 2 2 2 08 2 2 2 2 & 2 2 2 2 08 2 2. 2 2 08 2 2.2 2 08 2 2 2 2 08 2 2 32 2 08 2 2 2 2 08 2 2 2 2 08 2 2 2 2 08 2.2 2 2 08 2.2 2.2 08 2. 2.2

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0
Axial Strain (%)
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name:

Classification: Brown fat clay (CH)

Freeport Levee

Sample No./ID: N/A

Depth, feet: 48-50 ft.

ORN-5

Boring Number:

291-100

Project Number:

59.7

Effective Confining Pressure, psi:

Specimen 3

Specimen/Stage:

Remarks:

Elapsed Time, min.

100 1000 10000

10

0.1

0.01

0.00 p

|

|

|

|

,

|

|

|

|

|

|

|

|

|

|

o o o o o o

S S S S S S

o o o o) S 9}
2 ™ ™ < <

SWO ‘awn|oA ur abueyd

50.00 L
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ORN-5, 48-50 ft.

Volume

cm?®
0.0
1
1

A

.9

3.1

3.9
5.3
9.7

16.3
245

36.7
43.7
47.8

Burrette
Readings

245

234

22.6

21.4

20.6

19.2

14.8

8.2
0.0

Elaspsed
Time, min.

Clock

Time
0:55:00 AM
0:55:06 AM
0:55:12 AM
0:55:30 AM
0:56:00 AM
0:57:00 AM
0:59:00 AM

0.0
0.1

— - - — v v v +~ — —

0.2
0.5
1.0

2.0

4.0

8.0

1:03:00 AM
1:10:00 AM
1:40:00 AM

15.0

45.0
210.0
1420.0

2:25:00 PM
10:35:00 AM

Date

1/18/2011

1/18/2011

1/18/2011

1/18/2011

1/18/2011

1/18/2011

1/18/2011

1/18/2011

1/18/2011

1/18/2011
1/18/2011
1/19/2011




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name:

Freeport Levee

Classification: Brown Sandy Lean Clay (CL) with gravel

Project Number:

291-100

Boring Number: ORN-9 Depth, feet: 4-8 ft. Sample No./ID: NA

Liquid Limit:

44

Plastic Limit: 17 Plasticity Index: 27 Percent Passing No. 200: 74.0%

( Specimen/Stage Data

After Consolidation or Shear Description Saturation/Consolidation

Before Test

" Specimen/Stage No.

Specimen/Stage No.

Diameter (D),in.: 2.806 2.804 2.798 2.806 2.768 2.801
Height (H), in.: 5.770 5.704 5.684 5.751 5.633 5.532||Method Wet Mounting Method
Cross-Sectional Area, in’ 6.184 6.175 6.149 6.184 6.018 6.161f[cell Pressure, Ibs/in? 60.5 73.3 60.7
\Vol. (Vo, Vf), cm?: 584.7 577.2 572.7 582.7 555.4 558.6|[Back Pressure, Ibs/in? 54.3 60.7 33.9
Moisture, {Wo, Wf} %: 25.8% 25.0% 26.7% 27.0% 24.8% 25.6%||B-Parameter 0.97 0.98 0.95]
et Soil Wt. {Mo, Mf}, ,gm: 1144.21 1122.89 1128.96 1155.32 1121.14 1119.73||Consolidation Pressure, Ibs/in? 6.2 12.6 26.7
\Wet Unit Weight, pcf: 122.1 121.39 123.0 123.7 125.95 125.1|[Volume Change After (AV), cm?® 8.4 24.5 39.6]
Dry Unit Weight, pcf: 97.1 97.1 97.1 97.4 100.9 99.6[|Time for Consolidation, min. 1455 1455 1455
Specific Gravity (Assumed): 2.7 2.7 2.7 2.7 2.7 2.7||Failure Type: 1 Bulge
oid Ratio, eo, ef: 0.74 0.73 0.73 0.73 0.67 0.69 Single Shear
Degree of Saturation, So, Sf: 0.95 0.92 0.98 1.00 1.00 1.00 3 Bulge-Fractures
I Specimen/Stage |
Shear Data
1 2

Total Shearing Time, min

Strain Rate, %/hr

Axial Strain at Failure, %

Deviator Stress, Ibs/in? (Ac)

Excess Pore Pressure, Ibs/in? (u)

A-Parameter, (u/Ac)

Total Major Pincipal Stress, Ibs/in? (1 = 63 + Ac)

Total Minor Pincipal Stress, Ibs/in® (o3)

Effectivel Major Pincipal Stress, Ibs/in?( ¢ 1=01-u)

Effectivel Minor Pincipal Stress, Ibs/in®( ¢ 3 =03 — u)
Remarks:

.
o 1 ==t |
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown Sandy Lean Clay (CL) with gravel
Project Number: 291-100 Boring Number: ORN-9 Depth, feet: 4-8 ft. Sample No./ID: NA
Cohesion (C+), ksf:  0.31 Friction Angle(¢g+), deg: 14.8 Cohesion (Cy), ksf: 0.28 Friction Angle(égy), deg: 24.2
Remarks:
30 ‘ ‘ ‘
Specimen 1 - Total Stress Circle |
e Specimen 1 - Effective Stress Circle !
—— Specimen 2 - Total Stress Circle [
e Specimen 2 - Effective Stress Circle |
25 p--- ——Specimen 3 - Total Stress Circle @~ -~ "~~~ ~"~"~""""""""""""""""°"""""°""""°"7°7-° -
e Specimen 3 - Effective Stress Circle |
Total Stress Envelope !
e Effective Stress Envelope |
|
20 - R e R
- | ; 1
o ! | |
& l l l
[} | | |
(l.) | | |
g 15 | | |
= | | |
Q | | |
~ | | |
» | ‘ _ |
10 | ‘ :
| |
'- v :
|
|
|
|
5 , —/ |
s / |
am ‘
|
O I I [l I I I I I I I I I I I I I I I I I I I
0 10 20 30 40 50 60

Normal Stress,psi

t YY1
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown Sandy Lean Clay (CL) with gravel
Project Number: 291-100 Boring Number: ORN-9 Depth, feet: 4-8 ft. Sample No./ID: NA
Cohesion ( (Cy), ksf: 0.28 Friction Angle(g¢y), deg: 24.2
Remarks:
15 ‘ ‘
i e Specimen 1 |
| Specimen 2 |
Specimen 3 |
12 T |
)
o
S 9
o™
2
n
—
()]
2 6
1
T
3
0

p'={Sig 1' + Sig 3'/2}, psi

ORN-9, 4-8 ft.

30f10




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown Sandy Lean Clay (CL) with gravel
Project Number: 291-100 Boring Number: ORN-9 Depth, feet: 4-8 ft. Sample No./ID: N/A
Remarks:

30

e Delta Sigma of 1

Delta Sigma of 2

25

e==Delta Sigma of 3

Pore Pressure of 1

Pore Pressure of 2

v
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

———r ==
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

———————— ===
|
|
|
|
|
|
|
|
|
|

T

1

Pore Pressure of 3

Stress, psi

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Axial Strain, %

t B,
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name:

Freeport Levee

Classification:

Brown Sandy Lean Clay (CL) with gravel

Project Number: 291-100 Boring Number: ORN-9 Depth, feet: 4-6 ft. Sample No./ID: N/A
Specimen/Stage: Specimen 1 Effective Confining Pressure, psi: 6.2 Failure Type: Bulge
Remarks:
Before Shearing
120 p ‘ ‘
110 fp------ e e —01 —03 -
100 f------ -2 [ — ] — -
O R e LR E e EEEEE Cell Pressure =====Back Pressure|- - -
8O fF------ R e P Ac e===Pore Pressure |- - -
~ 70 F 1 1 1 1 1 1
(7 L | | | | | |
e b I I I I I I
o 60 P u l l : l l
g L f : . | |
7 . : ! 1 ! | After Shearing
Iy

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
Axial Strain (%)
[}
t e Y~
| 1 | ORN-9, 4-8 ft. 5 of 10




Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown Sandy Lean Clay (CL) with gravel
Project Number: 291-100 Boring Number: ORN-9 Depth, feet: 4-6 ft. Sample No./ID: N/A
Specimen/Stage: Specimen 1 Effective Confining Pressure, psi: 6.2
Remarks:
Clock Elaspsed Burrette Volume
Date Time Time, min. || Readings cm®

1/30/2011 || 9:00:00 AM 0.0 24.5 0.0 Elapsed Time, min

1/30/2011 || 9:00:06 AM 0.1 23.5 1.0 ' ’

1/30/2011 || 9:00:12 AM 0.2 23.1 1.4 0.01 0.1 ! 10 100 1000 10000

1/30/2011 || 9:00:30 AM 0.5 22.8 1.7

1/30/2011 || 9:01:00 AM 1.0 224 2.1

1/30/2011 || 9:02:00 AM 2.0 22.0 25

1/30/2011 || 9:04:00 AM 4.0 21.8 2.7

1/30/2011 || 9:08:00 AM 8.0 214 3.1

1/30/2011 || 9:15:00 AM 15.0 21.0 3.5

1/30/2011 || 9:30:00 AM 30.0 20.5 4.0

1/30/2011 |[10:00:00 AM||  60.0 19.5 5.0

1/31/2011 || 7:45:00 AM|| 1365.0 16.2 8.3

1/31/2011 || 9:15:00 AM|| 1455.0 16.1 8.4

Change in Volume, cm®.

9.0 f

10.0

t B,
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown Sandy Lean Clay (CL) with gravel
Project Number: 291-100 Boring Number: ORN-9 Depth, feet: 6-8 ft. Sample No./ID: N/A
Specimen/Stage: Specimen 2 Effective Confining Pressure, psi: 12.6 Failure Type: Single Shear
Remarks:

Before Shear

120
1m0 Bl cl —o3 o
100 B-— - ---
Cell Pressure *====Back Pressure
QO B ---
= Ac e=Pore Pressure
80

~
o

After Shear

Stress (psi)
(2]
o

(62
o

N
o

w
o

20

10

0 a2 2 8 o o 2 2 8 2 2 2 2 8 2 2 2 2 8 2 2 9 2 a_a 2 2 8 2 o 2 2

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
Axial Strain (%)
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown Sandy Lean Clay (CL) with gravel
Project Number: 291-100 Boring Number: ORN-9 Depth, feet: 6-8 ft. Sample No./ID: N/A
Specimen/Stage: Specimen 2 Effective Confining Pressure, psi: 12.6
Remarks:
Clock Elaspsed Burrette Volume
Date Time Time, min. || Readings cm? ) _
1/30/2011 || 9:00:00 AM|| 0.0 245 0.0 Elapsed Time, min.
1/30/2011 [ 9:00:06 AM 0.1 20.8 3.7 0.01 01 1 10 100 1000 10000
1/30/2011 || 9:00:12 AM 0.2 19.9 4.6 0.0
1/30/2011 || 9:00:30 AM 0.5 19.0 55 20
1/30/2011 || 9:01:00 AM 1.0 17.7 6.8 '
1/30/2011 || 9:02:00 AM 2.0 16.0 8.5 4.0
1/30/2011 || 9:04:00 AM 4.0 14.6 9.9
1/30/2011 || 9:08:00 AM 8.0 12.0 12.5 6.0
1/30/2011 || 9:15:00 AM 15.0 9.5 15.0 "= 80
1/30/2011 || 9:30:00 AM 30.0 75 17.0 o
1/30/2011 ||10:00:00 AM||  60.0 - 21.0 ¢ 10.0
1/31/2011 || 7:45:00 AM|| 1365.0 - 24.4 E
113112011 [[9:15:00 Am[| 1455.0 - 245 S 12.0
£ 140
>
c 16.0
@ i
~ L
O 18.0
20.0
22.0
24.0

t YY1
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name: Freeport Levee Classification: Brown Sandy Lean Clay (CL) with gravel
Project Number: 291-100 Boring Number: ORN-9 Depth, feet: 6-8 ft. Sample No./ID: N/A
Specimen/Stage: Specimen 3 Effective Confining Pressure, psi: 26.7 Failure Type: Bulge-Fractures
Remarks:
Before Shear
100 p ‘ ‘ ‘ ‘ ‘
0O b ol —o03 I—
80 E,,,,,,,,,,,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,,,,:,, ol o3 I—
| | Cell Pressure e===Back Pressure
TO - b 4 -
s | | Ac e=pPore Pressure
60 f————— T T — — R R (R
%\ b | | | | | | |
g | | | | : : :
g 50 p | ! T | | |
P ———— | | |
e P | | | | | |
Z . | | | | | | ! After Shear
40 : 77777777777777 T~ -~ -~~~ ~"~"“~“"~“"">"™>">""~>"~>"~>=77°7 o- - - - T T [ T 7777777 [ - T T - T T T T 7
30 1 1 1 1 1 1 1
20 1 : : i | | |
10 | | | |
() A PP SN PP PP PP WP TP WP S S WP
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
Axial Strain (%)
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Consolidated Undrained Triaxial Test with Pore Pressure Measurements (ASTM D 4767)

Project Name:

Brown Sandy Lean Clay (CL) with gravel

Classification:

Freeport Levee

Sample No./ID: N/A

Depth, feet: 6-8 ft.

ORN-9

Boring Number:

291-100

Project Number:

26.7

Effective Confining Pressure, psi:

Specimen 3

Specimen/Stage:

Remarks:
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