Hole No.CB-CUL-15

TNSTALCATION SHEET 1
DRILLING LOG South Atlantic Jacksonville District 0F 3
T PROJETT ) ) 10. SIZE AND TYPE OF BIT See Remarks
Rio Culebrinas Project, Aguadilla, P.R. T DATON FOR ELEVATION SHOWN TTBN or N3LJ
[Z. COCATION ([Coordinales or Statlon] MSL
X=243,605 Y=204,360 2. MANUF ACTURER'S DESTGNATION OF DRILL
[3. DRILCING AGENCY ) ME-4
GEO CIM, INC. .C E-4S -
4. HOLE NOU. [A3 shown on drawing fille : . : .
ond fie nuaber) CB-CUL-15 disturbed: 34 undisturbed: 0
[ENANE OF DEILLEE 14, TOTAL NUMBER OF CORE BOXES |
Evaristo Santiago 16, ELEVATION GROUND WATER N/A
6. DIRECTION OF HOLE 8. DATE HOLE  STARTED CONPLETED
(A verTiCAL [JINCLINED 06/23/88 02/722/?:3
17. ELEVA TOP OF HOLE 112. .
7. THICKNESS OF BURDEN 49.5 Ft. LEVATION TO
18. TOTAL CORE RECOVERY FOR BORING 48.3 X
8. DEPTH DRILLED INTO ROCK O Ft. N
9. TOTAL DEPTH OF HOLE 49.5 Ft. Jorge R. Parra. P.E.
[+ < ~
ELEV. |DEPTH| 2 CLASSIFICATION OF MATERIALS ORE| 4 & REMARK 2}
] = S b
& (Description) REC|E ¥ Bit or Barrel g
w % <D
] 0nz o
12.8| 0.0 112.8 0
E o‘ L(imes(one Fo;mation. i o
1.7 Wackestone), slightly 33 F
_o_, -4  weathered, moderately hard to T2z 1 SPLIT SPOON -
3| 1.5 =3-O{ hard, moderately strong, reddish "3 0
- brown to brown to pink; some 33 F
recrystallization and trace red
cray. " (GW) 122 2 SPLIT SPOON 28 Erzs
Sampled as CLAYEY GRAVEL 109.8 38
thoroughly weathered limestone 3 r
fragments, hard, brown. (GC) 778! 3 SPLIT SPOON 3 -
- -as above. L
108.3] 45 108.3 4 r
—-hard rock encountered, retusal §0/0
to penetration ot the split spoon 0 4 SPLIT SPOON :'5
sampler 107.3 57
~as above 0|5 SPLIT SPOON —t
- 106.3 o
as above o0k
0 8 SPLIT SPOON F
105.3] 7.5 105.3 d 75
‘L;dc Limestone (Packstone), hard, 50/3
1. strong to moderately strong, —  F
47 -q slightly weathered, brown to pink, 67| 7 SPLIT SPOON -
103.8| 8.0 =3-O.( some recrystallization. (GW) 103.8 —
3 0] Limestone (Grainstone), hard to 50/8 F
P moderately hard, moderately 222 8 SPLIT SPOON L
—{7':9q strong, slightly to moderately 10
102.3| 105 3.9 weathered, brown to pink. (GW) 102.3 o
b Limestone sampled as calcareous _63/6 | s
- SILT with some limestone 333| 9 SPLIT SPOON -
b tragments, hard, pale brown. [
w008| 2o ]| o) . 100.8 :
3 Limestone (Packstone), sampled _S0/4 ks
1. as Silty-Clayey Sand and Gravel, 222 0 SPLIT SPOON -
] moderately hard, moderately L
<4 strong, moderately weathered, 99.3
-] 1 pale brown. (SC~SM) 50/4 |-
3 —-as above. 6.7 SPLIT SPOON -
- -brown to pink. 97.8 [ (5
. » 50/5 |
. 167 | © SPLIT SPOON -
E —little caicareous silt and trace 6.9 3
14 clov. _sors |
278| 13 SPLIT SPOON L 175
1 ~some calcareous silt. 94.8
] 50/5 -
- 222 4 SPLIT SPOON -
93.3] 19.5_7 93.3 o
1 Sampled as Calcareous SILT with 15 20
. some highly weathered limestone -
- fragments, hard, very pale 8441 K SPLIT SPOON 28 -
. brown. (ML) 918 8 r
] L ~trace clay. 5 -
: 84.4| ® SPLIT SPOON 2 |}
] 90.3 ® F
—1 —_—— e —— 2.5
{continued)
m FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NUMBER
Rio Culebrinas Project, Aguadilla, P.R. CB-CUL-15




Hole No.CB-CUL-15
— . SHEET 2 |

ECEVATIORN TOP OF ROLE
DRILLING LOG (Cont. Sheet) 12.76 Ft. OF 3
(21 TNSTALCATION
Rio Culebrinas Project, Aquadilia, P.R. Jacksonville District
ELEV. |DEPTH| 2 CLASSIFICATION OF MATERIALS  [CORE|Y (& )
w (Description) REC|S @ REMARKS 3
© x |23 Bit or Barrel S
] nz 3)
90.31 225 1 e 90.3 225
i ] es-apove 50/6 |
- 333| 7 SPLIT SPOON i
E ~little brown clay, limestone 86.8 5076 __
B fragments are slightly weathered [
- and hard. 61| 1B SPLIT SPOON ~_25
p 87.3 L
h -as above. P
- B3.3| © SPLIT SPOON 20
- 30 -
b -limestone fragments are 85.6 s L
- moderately weathered. 2 275
1 83.3| 20 SPLIT SPOON 26 r
84.3| 28.5 1 84.3 30 F
—1-3:] Thoroughly weathered limestone 50/6 |~
1=k sampled as calcareous sity Sand [
J and Gravel, hard, pink to brown. 333 2 SPLIT SPOON g
N 2 (SM) 82.8 (30
] ; -highly to moderately 50/5
4f-3:] weathered. 218| 2 SPLIT SPOON :
T - 8.3 -
] X thoroughtly weathered. 50/
- C
e 222 SPLIT SPOON B
] 2 23 00 [ 395
] _ 79.8 r
1 as above. 5076 |
-] 27.8| 24 SPLIT SPOON —
78.3|134.5 1 78.3 o
B Sampled as CLAY with some hard 6 F 35
limestone fragments, hard, -
bt R 94.4| 25 SPLIT SPOON 0 |
76.8136.0 - 76.8 I o
- Thoroughly( to highly weathered 25
] limestone (packstone), sampled [
h as calcareous SILT with some 833 % SPLIT SPOON 3 F
753|375 1 moderately hard limestone 75.3 40 F a5
BV fragments, hard, brown. (ML) / 50/6 |
] Sampied as CLAY with some hard 333| 27 SPLIT SPOON L
-/ limestone fragments, hard, -
73.8139.0 - brown. (CH) 73.8 —
f Thoroughly weathered limestone 16 C
4 {Packstone) sampled as 04.4| 28 SPLIT SPOON 22 F
— calcareous SILT with little 5 4O
72.3140.5 L1 limestone fragments, hard, very 72.3
: pale brown. (ML) / s0/6 |
Limestone (Packstone) with some 56| 29 SPLIT SPOON -
clay, moderately hard, [
70.8142.0 moderately weathered, weak, 70.8
brown, (GC) / 32 F e
Thoroughly weathered limestone 83.3| 30 SPLIT SPOON 50/6 |
(Packstone) sampied as 69.3 [
calcareous SILTY GRAVEL, hard, -
very pale brown. (GM) 28 I~
-little limestone fragments. 100 | 3 SPLIT SPOON 30
-highly weathered. 67.6 22 45
78| %2 SPLIT SPOON s0/6 |
—thoroughly weathered. 66.3 2 3
4.4 20 F
] 33 SPLIT SPOON = [ 475
-some clay. 64.8
20 i
50 | 34 SPLIT SPOON 20
63.3149.5 63.3 40
| | END OF BORING CB-CUL-15 AT ] N
[ 795 FEETTEPTH. {continued)
[N FORM 1838 PREVIOUS EOITIONS ARE OBSOLETE. PROJECT ] HOLE NUMBER
Rio Culebrinas Project, Aguadills, P.R. CB-CUL-15




Hole No.CB~-CUL-15

ELEVATI SHEET 3
DRILLING LOG (Cont. Sheet) 12.76 Ft. OF 3
LT TNSTALTATION
Rio Culebrinas Project, Aguadilla, P.R. Jacksonville District
Q we ~
ELEV. |DEPTH| = CLASSIFICATION OF MATERIALS ICORE| o wi 728
g (Description) REC|SE BiF:Eo':ABRa:(r?eI Sin
w X a> ]
- nz @
———-——-—————————{ ] - — — {50
3 NOTES: -
] Soils are field visually classitied Sample Moisture Spec. Att. Limits [
: in .acco'da.nge Wlth the Unified No. Content¥ Gravity L.L. P.L i
— Soiis Classification System. 3 14.0 280 387 239 :-52_5
] 140# Hammer with 30" drop used 12 13.1 269 1585 33 F
4 on 2.0 foot split spoon (1-3/8" 23 13.8 2.68 -~ N
. 1D. x 2" 0.0 30 143 218 - -m
E X and Y Coordinates are given in r
. feet. —55
— -57.5
] s
4 o
— L-_eo
— -82.5
3 [
. -
p C
R [
— -85
] 67,5
N -
= -
- o
: E
- 70
— 725
] -
3 [
: F
] 75
— 775
m E,?!l 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NUMBER

Rio Culebrinas Project, Aguadilla, P.R. CB-CUL-15




TEST PIT LOGS



DIVISION

Hole No.TP-CUL-01

SH,
DRILLING LOG South Atlantic Jacksonville District OF 1
T PROJETY — _ _ 10. SIZE AND TYPE OF BIT See Remarks
Rio Culebrinas Project, Aguadilia, P.R. i TEVA W o
00/ tes or Stallon] MSL
X=243.809_¥~204,370 T2 WANUF ATTURER'S DESTGRATION OF DRILT
NCY
GEO CIM, INC. JohrlDeere 310-digger
4. ROLE NO. ﬂs shown on arawhg e : . : .
and fle nuaber) TP=CUL -0t disturbed: 1 undisturbed: 0
5. NANE OF DRILLER 14, TOTAL NUMBER OF CORE BOXES |
Evaristo Santiago 16, ELEVATION GROUND WATER N/A
6. DIRECTION OF KOLE 8. DATEROLE  STARTED COWPLETYED
CAveRTICAL - [ INCLINED 06/24/98 06/24/98
. 112.64 Ft.
7. THICKNESS OF BURDEN 4.5 Ft. :: :;iv"m";op OFVH::EFORZ szc: x
8. DEPTH DRILLED INTO ROCK O Ft,  aoTAL CORE RECOVE SORIN
8. TOTAL DEPTH OF HOLE 4.5 Ft. Jorge R. Parra, P.E.
ELEV. |DEPTH 5’ CLASSIFICATION OF MATERIALS ORE] Y &
W {Description) REC|S P B::E“ABRKS i
I S or Barre
] wz
26| 0.0 112.6 0
Limestone Formation sampled as -
Crystalline Limestone, [
gravel-sized, some clay, little -
sand, hard, moderately strong, ~
lightly to moderatley weathered, [
intensely to closely fractured, -
brown; large amount of cavities | BACKHOE [ 25
filled with clay. (GC) f
}-
}
108.1] 45 1 108.1 o
k END OF TEST PIT TP-CUL-01 AT -
-3 4.5 FEET DEPTH. Sample Moisture Spec. Att. Limits :‘5
] No. Content¥ Gravity L.L. P [
] NOTES: E
- 1 7.9 2.74 63.6 43.8
b Soils are field visually classified 5
h in accordance with the Unified Sample Max. Dry Opt. [
e Soils Classification System. No. Density Moisture -
=] (pct) Content 7.5
. Backhoe could not penetrate o
h deeper than 4’6" due to the 1 1.9 15.2% A
- presence of very hard and very -
b strong cristalline limestone unit. C
j X and Y Coordinates are given in [
-] teet. 10
3 [
_1 -
— 125
] F
3 s
— 15
3 [
— :_—17.5
] [
4 [
- L-20
] [
—{ -
B -
4 -
j (225
m F_,W 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT . . HOLE NUNBER
Rio Culebrinas Project, Aguadilla, P.R. TP-CUL-01
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PARTICLE SIZE DISTRIBUTION TEST REPORT

7/13/98
15 @3.0

Dgp= 0.101
D1o
Date:
Elev./Depth:

AASHTO
R. Davila-GCl|

Remarks

Coefficients

Dgp= 0.198

D
Cc

15

c
Classification

SC

Dgs= 0.379
30
U=

D

c

USCs
CB-CUL-1
Aguadilla, P.R.

Client: Corp of Engineers
Project: Rio Culebrinas Project

Project No: 2174-98

Source of Sample:

248651.1010 Y=212522.8620
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(no specification provided)

Location: X

—

Sample No.:

GEO CIM, INC.

d3NIJ IN3OH3d
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PARTICLE SIZE DISTRIBUTION TEST REPORT

0.352

0.183
7/13/98
60'@7.5'

Dsp

D1o
Date:
Elev./Depth:

R. Davila-GCI

0.203
AASHTO

Ce= 091

Classification
Remarks

Coefficients
Dgo= 0.410

D15

2.23

30= 0.261
U=

Dgs= 0.638
USCS= S§P
2174-98

D

C
Rio Culebrinas Project

CB-CUL-2
Aguadilla, P.R.

Client: Corp of Engineers

Project No:

Source of Sample:

248794.8650 Y=211803.9720
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(no specification provided)

Location:

x

GEO CIM, INC. ™

Sample No.:

d3NI4 LINIFOH3d
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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d3NI4 INJOH3d
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GRAIN SIZE - mm
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% SILT
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% SAND
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Soil Description
SAND, little clay, and gravel, dark gray to brown.
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% + 3"
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% CLAY

% SILT

85.2

% SAND

14.8

Soil Description

CLAY, little sand, brown to dark brown.

Pl= 41.9

LL= 76.0

Atterberg Limits

PL= 34.0

D5g
D10

Coefficients
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210334.2330

GEO CIM, INC.
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Sample No.:

1.5 @3.0

=249055.4050 Y

Location: X

Corp of Engineers

Client:

Aguadilla, P.R.

Project: Rio Culebrinas Project
Project No: 2174-98

R. Davila-GCI
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(no specification provided)
Location: X=249179.6470 Y=209625.8930
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Soil Description

Coefficients
Dgo= 1.15

D

Atterberg Limits
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GRAIN SIZE - mm

% SAND

41.9

Clayey SAND, little gravel,pale brown.
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Dgg= 6.06
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USCS= SC
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(X=NO)
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PERCENT
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(no specification provided)
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GRAIN SIZE - mm

% CLAY

% SILT

92.8

% SAND

6.9

Soil Description

CLAY, trace sand and gravel, dark brown.

Pl= 572

= 87.0
Coefficients

D
D
C

Atterberq Limits
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PL= 298
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D
D

60~

107

15

85
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SPEC."
PERCENT

% + 3"

0.0

PERCENT

FINER

SIEVE

SIZE

(no specification provided)
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Sample No.:
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6.0 @7.5'

Aguadilla, P.R.

Project: Rio Culebrinas Project
Project No: 2174-98

Client: Corp of Engineers
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Date:
Elev./Depth:

CB-CUL-14

Source of Sample:

Location: X=246987.9150 Y=211306.2170

‘GEO CIM, INC.
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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% SILT
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% SAND
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Soil Description

Sandy CLAY, little gravel, pale brown.
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Location: X=243604.9140 Y=204359.9440
GEO CIM, INC.

Sample No.:

Client: Corp of Engineers

Aguadilla, PR.

Project: Rio Culebrinas Project
Project No: 2174-98

R. Davila-GCI

S
~
29
S in
= o
o~ —
u a
£
Qo
Q
>
2
w
vy
.
Q
o
3
g
[-R
£
[
N
[ren
o
[+
L
=1
(o]
*




PARTICLE SIZE DISTRIBUTION TEST REPORT
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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7/16/98

Date:
Elev./Depth:

Source of Sample: TP-CUL-I
243609.0380 Y=204369.8740

1-A
X

Sample No.:

0.0'@ 4.5

Location:

Client: Corp of Engineers

Rio Culebrinas Project

Aguadilla, P.R.

R. Davila-GCl

Project No: 2174-98

=

GEO CIM, INC. ™
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Location: X=243724.1080 Y=204022.1290

GEO CIM, INC.
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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Client: Corp of Engineers
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Water content, 7%
Test specification: ASTM D 698-91 Procedure C, Standard
| ifi i % A
Elev/ Ciossification Nat . Sp.G. LL . % ? % <
Depth UsSCS AASHTO Moist. 3/4 in|No.200
N/A GC 17.9 7% 2.74 63.6 43 .6 30.0 %_ 27.1 %
TEST RESULTS MATERITAL DESCRIPTION
Max imum dry density = 111.8 pcf GRAVEL, some clay.
Optimum moisture = 15.1 % little sand, brown.
Project No.: Z174-98 Remarks:
Project: Rio Culebrinas Project Carp of Engineers
Location: Aguadilia, P.R. TP-CUL-1 SAMPLE NO. 1
X=243609.03 Y=204369.87
Date: July 16, 1998 7
MO ISTURE-DENS I TY RELATIONSHIP TEST
GEO CIM, INC. ig. No. 1




MOISTURE-DENSITY RELATIONSHIP TEST
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Water content, %
Test specification: ASTM D 688-91 Procedure C, Standard
ifi i % % <
Elev/ Classification Nat. Sp.G. LL Pl ?
Depth USCS AASHTO Moist. 3/4 in|No.200
N/A GM 4.0% | 2.75 35.6 %|15.9 %
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 116.3 pcf GRAVEL, little sand and
Optimum moisture = 11.3 % silt, pale brown to pink
Project No.: 2174-98 Remarks:
Preject: Rio Culebrinas Project Corp of Engineers
Location: Agucdilla, P.R. TP-CUL-2 SAMPLE NO. 1

X=243724.10 Y=204022.12
Date: July 16, 1988

MO ISTURE-DENSITY RELATIONSHIP TEST

GEO CIM, INC. ig. No. 1
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SAMPLE DATA SPECIMEN CONDITIONS INITIAL  FINAL
BORING NUMBER: CB-CUL-S MOISTURE CONTENT (%): 57.4 37.1
SAMPLE NUMBER: - DRY DENSITY (ib/ft3): 65.0 838
DEPTH (FEET: 13.0-15.0 VOID RATIO: 1.58 1.00
DESCRIPTION: GRAY FAT CLAY WITH SAND AND SATURATION (%): 98 100

THIN SEAMS OF FINE SAND

INDEX PROPERTIES
LIQUID LIMIT (%): 58
PLASTIC LIMIT (%): 30
PLASTICITY INDEX (%). 28
% PASSING NO. 200: 78
SPECIFIC GRAVITY: 2.69

INCREMENTAL LOADING CONSOLIDATION
TEST ON SAMPLE CB-CUL-5

I W Ardaman & Associates, Inc.

Geotechnical, Environmental and
J Materials Consultants

LABORATORY TESTING
CONTRACT NO. DACW17:98-D-0003
RIO CULEBRINAS PROJECT

¢
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98-153 12
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SAMPLE DATA SPECIMEN CONDITIONS INITIAL FINAL
BORING NUMBER: CB-CUL-13 MOISTURE CONTENT (%): 76.3 493
SAMPLE NUMBER: - DRY DENSITY (ib/ftd): 55.1 723
DEPTH (FEET: 8.0-10.0 VOID RATIO: 2.06 1.33
DESCRIPTION: GRAY FAT CLAY WITH THIN SEAMS SATURATION (%): 100 100

OF FINE SAND

INDEX PROPERTIES

LIQUID UMIT (%): 74

PLASTIC LIMIT (%): 37
PLASTICITY INDEX (%) 43
% PASSING NO. 200; 99
SPECIFIC GRAVITY: 270

W WU Ardaman & Associates, Inc.

Geotechnical, Environmental and
Materials Consultants

INCREMENTAL LOADING CONSOLIDATION

TEST ON SAMPLE CB-CUL-13 PAGT N0, DAC 17081

CONTRACT NO. DACW17-98-D-0003
RIO CULEBRINAS PROJECT
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SAMPLE DATA SPECIMEN CONDITIONS INITIAL FINAL
BORING NUMBER: CB-CUL-14 MOISTURE CONTENT (%): 80.9 51.8
SAMPLE NUMBER: - DRY DENSITY (Ib/ft9): 52.6 69.7
DEPTH (FEET: 8.0-10.0 VOID RATIO: 2.14 1.37
DESCRIPTION: GRAY FAT CLAY WITH THIN SEAMS SATURATION (%): 100 100

OF FINE SAND

INDEX PROPERTIES
LIQUID UMIT (%): 91
PLASTIC LIMIT (%): 29
PLASTICITY INDEX (%): 62
% PASSING NO. 200: 81
SPECIFIC GRAVITY: 2.65

HW W Ardaman & Associates, Inc.

Geotechnical, Environmental and
Materiais Consuftants

INCREMENTAL LOADING CONSOLIDATION

TEST ON SAMPLE CB-CUL-14 RACT NO. DACW1795.¢

CONTRACT NO. DACW17-98-D-0003

RIO CULEBRINAS PROJECT .
e

orawney: SA  |cEcapsy:.  SA  |oae: 08-19-98

FLE NO.: DBY: FIGURE:
98-183 1
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Appendix C
Design and Cost Estimates

A. INTRODUCTION

1. General. This Appendix presents a discussion of applicable design
considerations and construction methods utilized to establish a basis for the cost

estimates. General requirements for real estate and operation and maintenance are
also presented.

B. DESIGN AND CONSTRUCTION

2. Channels. A cutoff channel would be constructed in the flood plain to connect
portions of the existing river system. The cutoff channel would bypass that portion of

the existing channel that meanders outside of the proposed Aguadilla levee
alinement.

3. Levees. Two levees would be constructed in the Rio Culebrinas floodplain to
provide 100-year flood protection to the residences of the communities of Aguadilia
and Espinar. Conventional earth handling equipment would be used to construct
the levees. Construction material would be obtained from the designated borrow
area. A geotechnical discussion of the suitability of materials is provided in Appendix
B. The levees would be constructed to satisfy the hydraulic requirements presented
in Appendix A and would have a minimum crest width of 3.0 meters with side slopes
of 1 vertical on 2.5 horizontal (1V:2.5H). Also, both levees would be overbuilt 0.15
to 0.30 meters along certain reaches to compensate for long-term settlement.

Typical sections of the Aguadilla and Espinar levees are provided on Plates C-5
and C-6. The disposition of the materials removed from the project area (including
debris), that are unsuitable for levee construction, would be in accordance with
paragraph 7b. of this appendix.

4. Drainage Culvert Structures. Drainage culvert structures would be placed
through the levees to provide for interior drainage. The Aguadilla levee would have
three drainage structures and the Espinar levee would have one drainage structure.
All culverts would have an invert elevation of -0.30 meters NVGD, and the
corrugated metal pipe (CMP) coating and required thickness would be based on
exposure to sea water and soil characteristics. A temporary diversion channel
would be constructed at each structure site to divert water during construction.




a. Aguadilia Levee. The drainage structures in the Aguadilla levee would
consist of AL-S-1 (3-60" CMP), AL-S-2 (6-60" CMP), and AL-S-3 (3-60" CMP). Flap
gates and concrete headwalls with wingwalls would be provided on the floodside end
of each structure. Refer to Plates C-2 and C-3 for site plan and typical section.

b. Espinar Levee. The drainage structure in the Espinar levee would consist of
EL-S-1a. The structure would have 2-60" CMP with flap gates. A concrete
headwall with wingwalls would be provided on the floodside end of the structure.
Refer to Plates C-2 and C-3 for site plan and section.

5. Drainage Culverts. A 36-inch CMP culvert would be provided at each road ramp

location (3) to maintain interior drainage along the protected side of the levee. Refer
to Plate C-4 for a typical site plan and section.

6. Bank Protection. The levees would be grassed to provide general erosion
protection. Riprap would be utilized as standard practice in protecting the intake and
discharge areas for the proposed culvert drainage structures.

7. Borrow and Disposal Areas.

a. Borrow Area. A detailed geotechnical discussion of the materials within the

borrow area is provided in Appendix B. The location of the borrow area is shown on
Plate B-2 in Appendix B.

b. Disposal Area. A specific designated disposal area is not required. All debris
and unsuitable material from construction of the project features would be placed in
the flood plain adjacent to the levees or used as topsoil along the levee.

C. RELOCATIONS

8. General. This project has two local sponsors. The municipality of Aguada would
be responsible for the Epinar levee and corresponding features, and the municipality
of Aguadilla would be responsible for the Aguadilla levee and corresponding
features. The project sponsors would be required to assume the costs for all
relocations and alterations. These costs are based on the general alinements shown
in the main report. Final alinements would be determined upon completion of
detailed topographic surveys and would be adjusted as necessary to minimize
impacts on existing structures and utilities. The recommended plan presented in
this report would require some road relocations as discussed in the following



paragraphs. All relocation of utilities, electric transmission lines, or telephone lines
would be the responsibility of the project sponsor.

9. Road Relocations. Three road ramps would be required where the proposed
levee crosses Highway 418, Highway 115, and Highway 442. The road ramps would
be constructed prior to construction of the levee, and a temporary road by-pass
would be provided at each location. No other road relocations are anticipated. The
locations of the proposed road ramps are shown on Plate C-1.

10. PR Hwy 418 Box Culvert. The existing box culvert (bridge) located in Cano

Madre Vieja under the highway would be extended approximately 10 meters at each
end to accommodate the proposed road ramp.

11. Utilities. Water lines, sewer lines, electric power lines, and telephone lines
would require relocation. The location of the areas of anticipated impacts on existing

utilities are provided on Plate C-1. The estimated costs for relocation of these
utilities are included in the cost estimate.

D. OPERATIONS AND MAINTENANCE

12. General. The project sponsor would be responsible for operation and
maintenance of the improvements and features proposed in this report upon
completion of the construction project. The Contractor would be responsible for all
maintenance during the construction contract.

13. Inspection. Joint field inspections with personnel from the U.S. Army Corps of
Engineers and the local sponsor would be conducted on a regular basis to evaluate
the performance and condition of the various project features. Additional field
inspections would be conducted following a significant storm event.

14. Estimated Annual Costs. The estimated annual operation and maintenance
cost for the project is $15,000. These costs are based on removing accumulated
debris and sediment adjacent to the control structures and repairing the riprap
protection on an annual basis or as required after a significant storm event. Levee
maintenance would consist of periodic mowing and erosion repair.




15. O&M Manual. Operation and maintenance of the project facilities would be
performed in accordance with instructions prepared and incorporated in the
“Operation and Maintenance Manual” which would be furnished to the project
sponsor. The O&M Manual would be prepared in accordance with ER 1110-2-401.

E. COST ESTIMATES

16. General. The estimates of first cost for construction of the recommended plan
were prepared using M-CACES software and are presented in Table C-1. Also, the
cost of the non-construction features of the project is included. The cost estimate
includes a narrative, a summary cost, and a detailed cost showing quantity, unit cost,
and the amount for contingencies for each cost item.

The cost estimates are prepared for an effective date of October 20083.



Wed 15 Oct 2003

U.S. Army Corps of Engineers
Eff. Date 10/01/03

TIME 16 :35:56
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Rio Culebrinas, 100-Year Plan TITLE PAGE 1

TABLE C-1

Rio Culebrinas-100 Yr.Flood Plan

Designed By: CESAJ-EN
Estimated By: Kirby R.Clifton

Prepared By: Kirby R. Clifton & Manuel Perez
Update: M.Perez 10-01-03

Preparation Date: 10/01/03
Effective Date of Pricing: 10/01/03

Sales Tax: 6.00%

This report is not copyrighted, but the information

contained herein is For Official Use Only.

MCACES GOLD EDITION
Composer GOLD Software Copyright (c) 1985-1994
by Building Systems Design, Inc.
Release 5.30
LABOR ID: PRLD98 EQUIP ID: R1197B
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Wwed 15 Oct 2003 U.S. Army Corps of Engineers TIME 16 :35:56
Eff. Date 10/01/03 PROJECT RCPOO1: Rio Culebrinas-100 Yr.Flood Plan
PROJECT NOTES Rio Culebrinas, 100-Year Plan TITLE PAGE 2

This planning project cost estimate was updated to reflect cost growth from
10-01-01 to 10-01-03. Civil Works Construction Cost Index System (CWCCIS)
was utllized to determine inflation indexes for each individual category,

i.e. Relocations, Levees, Channels, etc.

The 100-yr. construction cost estimate presented here reflects the cost
changes generated by the revised Espinar Levee alignment, which is now

proposed to be placed out of the coastal barrier zone.

This is a planning level cost estimate based on information provided by

Design Branch, H&H Branch, Planning Division and Real Estate Division.

The basis of cost include UPB cost data, generic construction cost models,

developed cost, as well as previous estimates for this type of project.
Contractor markups of about 30% of construction cost was used.

No specific analysis of labor cost was made. A labor database for P.R. was
used. Equipment rates were obtained from the Region 11 1997 EP 1110-1-8. No
specific risk analysis was made and a contingency of 25% of the construction

cost was used.

Planning, Engineering and Design was placed at 8% of construction cost and

Construction Supervision was placed at 10% of construction cost.

LABOR ID: PRLDS8 EQUIP ID: R1197B Currency in DOLLARS CREW ID: NATO9SA UPB ID: NATSSA
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** PROJECT OWNER SUMMARY - Feature (Rounded to 100's) **

QUANTY UOM CONTRACT CONTINGN TOTAL COST UNIT

01 CONSTRUCTION COST

01_02 Relocations 32,800 8,200 41,000
01_08 08 Roads, Railroads and Bridges 218,800 54,700 273,500
01_09 09 Channels and Canals 76,900 19,200 96,100
01_11 11 Levees and Floodwalls 974,400 243,600 1,218,000
01_1S 1S Floodway Control-Divert. Strt 754,600 188,700 943,300
TOTAL CONSTRUCTION COST 2,057,500 514,400 2,571,900
02 NON-CONSTRUCTION COST

02_01 LANDS AND DAMAGES 1,317,900 395,400 1,713,200
02_30 PLANNING, ENGINEERING & DESIGN 165,800 41,400 207,200
02_31 CONSTRUCTION MANAGEMENT 207,200 51,800 259,100
TOTAL NON-CONSTRUCTION COST 1,690,900 488,600 2,179,500
TOTAL Rio Culebrinas-100 Yr.Flood Plan 3,748,400 1,003,000 4,751,400

LABOR ID: PRLD98 EQUIP ID: R1197B Currency in DOLLARS CREW ID: NAT99A UPB ID: NATSS5A
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U.S. Army Corps of Engineers TIME 16:35:56
Eff. Date 10/01/03 PROJECT RCP0O1: Rio Culebrinas-100 Yr.Flood Plan
Rio Culebrinas, 100-Year Plan SUMMARY PAGE 2

** PROJECT OWNER SUMMARY - Element (Rounded to 100's) **

01 CONSTRUCTION COST

01_02 Relocations

01_02_03 Cemetery, Utilities, & Structure

01 02_03_18 Utilities 32,800 8,200 41,000
TOTAL Cemetery, Utilities, & Structure 32,800 8,200 41,000
TOTAL Relocations 32,800 8,200 41,000
01_08 08 Roads, Railroads and Bridges
01_08_01 Roads
01_08_01_ 1 Mob, Demob & Preparatory Work 10, 900 2,700 13,700
01_08_01_ 2 Excavate and Haul Ramp #1 Fill 6156.00 LCY 15,300 3,800 19,100 3.11
01_08_01_ 4 Construct Ramp #1 5232.00 CCY 18,700 4,700 23,400 4.47
01_08 01_ 5 Paving Ramp #1 35,300 8,800 44,100
01_08_01_ 6 Excavate and Haul Ramp #2 Fill 6156.00 LCY 15,300 3,800 19,100 3
01_08_01_ 7 Construct Ramp #2 5232.00 CCY 18,700 4,700 23,400 4.47
01_08_01_ 8 Paving Ramp #2 35,300 8,800 44,100
01_08_01_ 9 Excavate and Haul Ramp #3 Fill 6156 .00 LCY 15,300 3,800 19,100 3.11
01_08_01_10 Construct Ramp #3 5232.00 CCY 18,700 4,700 23,400 4.47
01_08_01_11 Paving Ramp #3 35,300 8,800 44,100
TOTAL Roads 218,800 54,700 273,500
TOTAL 08 Roads, Railroads and Bridges 218,800 54,700 273,500
01_09 09 Channels and Canals
01_09_01 Cutoff Canal
01_09_01_02 Canal Excavation 10400 CY 25,200 6,300 31,400 3.02
01_09_01_07 Clearing and Grubbing - no haul 1.00 ACR 400 100 500 515.62
TOTAL Cutoff Canal 225.00 LM 25,600 6,400 32,000 2142.04
01_09_02 Interior Drainage Channels
01_09_02_01 Channel Excavation 21700 LCY 48,500 12,100 60,600 2.7%9
01_09_02_02 Clearing and Grubbing 7.00 ACR 2,900 700 3,600 515.
TOTAL Interior Drainage Channels 3456.00 LM 51,300 12,800 64,200 18.57

LABOR ID: PRLD98 EQUIP ID: R1197B Currency in DOLLARS CREW ID: NATS99A UPB ID: NATSSA



Wed 15 Oct 2003

Eff. Date 10/01/03

** PROJECT OWNER SUMMARY -

PROJECT RCPOO1:

U.S. Army Corps of Engineers

Rio Culebrinas, 100-Year

Rio Culebrinas-100 Yr.Flood Plan

Plan

Element (Rounded to 100's) **

TIME 16:35:56

SUMMARY PAGE 3

LABOR ID: PRLDS8

QUANTY UOM CONTRACT

TOTAL 09 Channels and Canals 76,900

01_11 11 Levees and Floodwalls

01_11_01 Aguadilla Levee

01_11_0i_ 1 Mob, Demob & Preparatory Work 23,400

01_11_01_ 2 Excavate and Haul Levee Fill 51746 CCM 261,900

01_11_01_ 4 Construct Levee 51746 CCM 225,200
TOTAL Aguadilla Levee 51746 CCM 510,500

01_11_02 Espinar Levee

01_11_02_ 1 Mob, Demob & Preparatory Work 19,300

01_11_02_ 2 Excavate and Haul Levee Fill 46800 CCM 239,000

01_11_02_ 4 Construct Levee 46800 CCM 205,500
TOTAL Espinar Levee 46800 CCM 463,900
TOTAL 11 Levees and Floodwalls 974,400

01_15 15 Floodway Control-Divert. Strt

01_15_02 CMP @ Ramps & Internal Channel

01_15_02_01 3' CMP @ Ramp & Internal Channel 3.00 EA 74,400
TOTAL CMP @ Ramps & Internal Channel 74,400

01_15_04 Culvert AL-S-1

01_15_04_01 3 - 60" CMP w/Flapgate 1.00 EA 124,200
TOTAL Culvert AL-S-1 124,200

01_15_09 Culvert AL-S-2

01_15_09_01 6 - 60" CMP w/Flapgate 1.00 EA 290,800
TOTAL Culvert AL-S-2 290,800

01_15_10

EQUIP ID: R1197B

Culvert AL-S-3

Curxrency in DOLLARS

19,200

5,900
65,500
56,300

127,600

18,600

CREW ID: NAT99A

96,100

29,300
327,400
281,500

638,100

24,100
298,800
256,900

1,218,000

.

155,200

155,200

363,500

363,500

6.33
5.44

12.33

6.38
5.49

12.39

30999

155245

363512

UPB ID: NAT9SA



Wed 15 Oct 2003
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U.S. Army Corps of Engineers
PROJECT RCP0O01: Rio Culebrinas-100 Yr.Flood Plan

Rio Culebrinas, 100-Year Plan

** PROJECT OWNER SUMMARY - Element (Rounded to 100's) **

QUANTY UOM

CONTRACT CONTINGN TOTAL COST

TIME 16:35:56

SUMMARY PAGE

4

01_15_10_01 3 - 60" CMP w/Flapgate

01_

01_

01_

01_
01_
01_
01_
01_
01_

02

02_

02_

TOTAL Culvert AL-S-3

15_11 Culvert EL S-1A

15_11_01 2-60" CMP w/gates

TOTAL Culvert EL S-1A

15_12 Extend Concrete Box Culvert
15_12_01 Headwall Foundations
15_12_02 Bottom Slab
15_12_03 Cut-off Walls
15_12_04 Headwalls or Wingwalls
15 _12_05 Box Walls
15_12_06 Top Slab
TOTAL Extend Concrete Box Culvert

TOTAL 15 Floodway Control-Divert. Strt

TOTAL CONSTRUCTION COST

NON-CONSTRUCTION COST

01 LANDS AND DAMAGES

01_01 Lands and Damages

TOTAL LANDS AND DAMAGES

02_30 PLANNING, ENGINEERING & DESIGN

02_30_30 Planning, Engineering & Design

TOTAL PLANNING, ENGINEERING & DESIGN

02_31 CONSTRUCTION MANAGEMENT

02_31_31 Construction Management

LABOR I1D: PRLD98 EQUIP ID: R1197B

TOTAL CONSTRUCTION MANAGEMENT

Currency in DOLLARS

1.00

1.00

28.00

39.00
28.00

123.00

EA

EA

raa3en

2

130,700

102,200

102,200

2,057,500

1,317,900

1,317,900

165,800

165,800

207,200

CREW ID:

514,400

395,400

41,400

NATO99A

163,400 163351

127,700 127719

127,700
2,000 218.
6,100 218
4,200 604.
3,800 473

12,400 318
11,900 42s

40,500 329.

2,571,900

1,713,200

1,713,200

207,200

259,100

UPB ID: NATOSSA

23

.99

52

.57
.78
.83
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Eff. Date 10/01/03 PROJECT RCPOOL: Rio Culebrinas-100 Yr.Flood Plan
Rio Culebrinas, 100-Year Plan SUMMARY PAGE S
** PROJECT OWNER SUMMARY - Element (Rounded to 100's) **

QUANTY UOM CONTRACT CONTINGN TOTAL COST UNIT

TOTAL NON-CONSTRUCTION COST 1,690,900 488,600 2,179,500

TOTAL Rio Culebrinas-100 Yr.Flood Plan 3,748,400 1,003,000 4,751,400

LABOR ID: PRLD98 EQUIP ID: R1197B Currency in DOLLARS CREW ID: NAT99A UPB ID: NAT9SA
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1. STATEMENT OF PURPOSE

a. This Real Estate Plan is tentative in nature for
planning purposes only and both the final real property
acquisition lines and the real estate cost estimates
provided are subject to change even after approval of this
Detailed Project Report (DPR).

b. A reconnaissance report for this project was
completed on March 1992, which showed that a levee
alternative to solve the flooding problem at the study area
appeared to be feasible and that further detailed studies
were warranted. The Municipalities of Aguadilla and Aguada
are the local sponsors for the project.

2. AUTHORIZATION

This study was authorized by Section 205 of the Flood
Control Act of 1948 as amended, which states:

The Secretary of the Army is hereby authorized to allot
from any appropriations heretofore or hereafter made for
flood control, not to exceed $40,000,000 for any one fiscal
year, for the construction of small projects for flood
control and related purposes not specifically authorized by
Congress, which comes within the provisions of Section 1 of
the Flood Control Act of June 22, 1936, when in the opinion
of the Chief of Engineers such work is advisable. The
amount allotted under this Section for a project shall be
sufficient to complete Federal participation in the project.
Not more than $7,000,000 shall be allotted for a project at
any single locality. The provisions of local cooperation
specified in Section 3 of the Flood Control Act of June 22,
1936, as amended, shall apply. The work shall be complete
in itself and not commit the United States to any additional
improvements to insure its successful operation, except as
may result from the normal procedure applying to projects
authorized after submission of preliminary examination and
survey reports.

3. PROJECT DESCRIPTION

The Rio Culebrinas Basin is located in the northwestern
coast of Puerto Rico within the Municipalities of Lares, San
Sebastian, Moca, Aguada, and Aguadilla, approximately 115
kilometers west of San Juan. Flooding is a major frequent



problem along the southwestern edge of the town of Aguadilla
and the community of Espinar.

Rio Culebrinas originates in the western part of the
central mountain range of Puerto Rico at an elevation of
about 450 meters (1,500 feet) above mean sea level. Its
major tributaries are Rio Guatemala, Rio Cafio, Rio Sonador,
and Quebrada Grande. The river flows in a westerly
direction through the towns of San Sebasidn, Moca,
Aguadilla, and Aguada to discharge into the Aguadilla Bay in
the Mona Passage. The Cafio Madre Vieja, a 2.1 kilometer
(1.3 miles) distributary of Rio Culebrinas, is an old river
outlet that flows across the study area and discharges into
the Aguadilla Bay. This small intermittent stream is the
political boundary dividing the Municipalities of Aguadilla
and Aguada.

The land in the project and vicinity of the project is
predominately agricultural/grazing land within the floodway,
further defined as Flood Zone 1. The floodway is defined
as:

The water course of the channel, river, creek,
brook, or natural drainage channel and that portion
of adjacent lands to permit the discharge of the
base flood without cumulatively increasing the water
surface elevation by more than one foot in
undeveloped areas, or six inches in developed areas.

Flood Zone 2 is defined as the area situated between
the floodway limits and the limits of the 100-year
floodplain. Flood Zone 2 regulations permit new buildings
in this zone when these are defined and constructed in such
a way that will cause the least possible obstruction to the
flow of water, will provide safety conditions, will resist
the effects of hydrodynamic and hydrostatic pressures of
floodwater or coastal surges, and comply with any other
applicable provision of law or regulation.

These definitions are the Government of Puerto Rico
Planning Board’s Regulation for Floodable Zones, Regulation
13, Second Revision dated March 6, 1987.

The agricultural/grazing land located in the floodway
(Flood Zone 1) would still be subject to flooding after the
project is implemented, though at considerably less stages
than pre-project flooding. Flood Zone 1 restricts land uses
to exclude new construction, structures, landfills,
substantial improvements or other developments. The Puerto
Rico Planning Board will maintain these lands under flood



plain regulations to prohibit development as will be
specified in the proposed Project Cooperation Agreement
(pPCA) .

The recommended plan consists of the construction of
two levees, interior drainage facilities, 3 road ramps, and
a pilot channel that requires approximately 40 acres of land
and protects the southwestern section of the town of
Aguadilla and the community of Espinar, in Aguada, against
the 100-year flood from Rio Culebrinas.

The Aguadilla levee would require approximately 24.20
acres of land and would begin at high ground near Highway 2
and extend towards the north for about 1.8 kilometers to end
at high ground near Yumet Avenue. There will be three
drainage structures and two road ramps for this levee
segment. An interior drainage channel would be required
along the protected side of the levee. A culvert will be
provided where the road ramps intersects the interior
drainage channel. An existing concrete box culvert over
Cano Madre Vieja would be impacted by one of the road ramps.
This box culvert should be extended to accommodate the road
ramp.

The alignment of the proposed Espinar levee has been
modified to start outside of the coastal barrier zone thus
avoiding any impacts to it. It is about 120 meters or 1.26
acres shorter than what was presented in the first draft
report and requires approximately 16.24 acres of land. To
protect the lower lying eastern side of the community, a
levee spur with an interior drainage channel that is about
266 meters long ties between the coastal barrier zone and
the residential area perpendicular to the original levee at
the northeast corner of the Espinar community. It covers
about 1.23 acres of floodable wetlands and .5 acre of
residential area. See Plate D-1. A drainage structure
would be constructed for the Espinar levee spur at Espinar
levee station 2+50. There would also be a road ramp
intersecting the levee at Highway 442.

In order to continue the flow in Cano Madre Vieja to
the coastline, a cutoff channel would be required. The
cutoff channel would require approximately 1.3 acres of
land.

No disposal area would be required. Unsuitable
materials and debris from clearing and grubbing operation
would be deposited at the municipal landfill. Material from
pilot and drainage channels would be used for levee
construction and the rest would come from a commercial
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borrow site at Tablonal Quarry which is not part of the real
estate valuation.

Construction access will be through local public
streets and highways. Final access will be determined
during the plans and specifications.

The three required road ramps are where the levee
crosses Highways 418, 115, and 442. These are further
addressed under 15a, Road Relocations. As to Highway 4439,
it will be blocked since the Municipality has no interest in
keeping it open.

No residential or commercial improvements are known to
be affected by this project.

4. FEDERAL OWNED LANDS

There are no federally owned lands within the project
limits.

5. SPONSOR OWNED LANDS

The non-Federal sponsors will be responsible for
providing all lands, easements and rights-of-way required
for the project. No lands required for the project have
been identified as sponsor-owned lands. However, all
ownerships will be verified and delineated during the
preparation of the parcel maps to be performed during plans
and specifications.

6. ESTATES

a. Standard Estates
The following standard estates will be required.

FLOOD PROTECTION LEVEE EASEMENT

A perpetual and assignable right and easement in (the
land described in Schedule A) (Tracts Nos. , , &
) to construct, maintain, repair, operate, patrol and
replace a flood protection levee, including all
appurtenances thereto; reserving, however, to the owners,
their heirs and assigns, all such rights and privileges in
the land as may be used without interfering with or
abridging the rights and easement hereby acquired; subject,
however, to existing easements for public roads and
highways, public utilities, railroads and pipelines.
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CHANNEL IMPROVEMENT EASEMENT

A perpetual and assignable right and easement to
construct, operate, and maintain channel improvement works
on, over and across (the land described in Schedule A)
(Tracts Nos. ___ and ___) for the purposes as authorized by
the Act of Congress approved , including the
right to clear, cut, fell, remove and dispose of any and all
timber, trees, underbrush, buildings, improvements and/or
other obstructions therefrom; to excavate, dredge, cut away,
and remove any or all of said land and to place thereon
dredge or spoil material; and for such other purposes as may
be required in connection with said work of improvement;
reserving, however, to the owners, their heirs and assigns,
all such rights and privileges as may be used without
interfering with or abridging the rights and easement hereby
acquired; subject, however, to existing easements for public
roads and highways, public utilities, railroads and
pipelines.

TEMPORARY WORK AREA EASEMENT OR OTHER NON-STANDARD ESTATE

A temporary and assignable easement and right-of-way
in, on, over and across (the land described in Schedule A)
(Tracts Nos. _ & __ ), for a period not to exceed three
(3) years, beginning with date possession of the land is
granted to the Project Sponsor, for use by the Project
Sponsor and the U.S. Army Corps of Engineers, their
representatives, agents, assigns and contractors as a work
area, including the right to move, store and remove
equipment and supplies, and erect and remove temporary
structures on the land and to perform any other work
necessary and incident to the construction of Rio Culebrinas
Flood Control Project, together with the right to trim, cut,
fell and remove therefrom all trees, underbrush,
obstructions, and any other vegetation, structures, or
obstacles within the limits of the right-of-way; reserving,
however, to the landowners, their heirs and assigns, all
such rights and privileges as may be used without
interfering with or abridging the rights and easement hereby
acquired; subject, however, to existing easements for public
roads and highways, public utilities, railroads and
pipelines.

D-7



b. Non-Standard Estates

Due to the lengthy process required to segregate public
lands and record legal documents to secure easements, lands
to be transferred between governmental agencies is usually
accomplished by first executing a Right-of-Entry with Intent
to Acquire or a letter permit whereby each entity agrees on
the conditions of the transfer, estates and acreage to be
transferred and timeframe for completion of transfer. These
documents vary in format but are always perpetual,
irrevocable, and assignable. In Puerto Rico, they are
considered legal, binding documents.

7. NAVIGATION SERVITUDE

Navigational servitude is available to the Federal
Government if lands required for this project are within the
navigable waters of the United States.

8. PROJECT MAP

A planning map of the project features is included in
Plate D-1 along with a map showing the location of the
utilities.

9. INDUCED FLOODING

A Takings Analysis prepared August 7, 2003, concluded
that “the modeled results for the 10, 25, 50, and 100-year
flood on the Rio Culebrinas and Cafio Madre Vieja show that
there is a very slight increase, 1 to 2 hours at most, in
the duration of the flooding in the pooling area. However,
the estimated depth of the flooding would decrease in each
event modeled at both the highest and lowest elevations in
the subject area. Further, the frequencies of the projected
events are not substantial. Therefore, in light of current
available modeling data and relevant case law, there is no
taking in the pooling area behind the northeast portion of
the Aguadilla levee.” The area will still be subject to
flooding with project implementation, though at considerably
less stages than pre-project flooding.

10. REAL ESTATE BASELINE COST ESTIMATE

Lands and Damages (Approx. 45 acres):

Flood Protection Levee Easements:
Espinar Levee (16.24 acres) S 516,000
Aguadilla Levee (24.20 acres) S 557,000



Espinar Levee Spur (1.73 acres) $ 59,000

Channel Improvement Easement (1.30 acres)S$ 5,000
Sub-Total $1,137,000
Total Lands and Damages $1,137,000

Acquisition/Administrative Costs

Federal:
Project Planning S 21,000
Review of PCA S 2,000
Review of Acquisitions $ 11,000
Review of Appraisals $ 6,000
Review of Condemnation $ 13,000
Review of PL 91-646 S 0
Total Federal Acquisition/ S 53,000
Admin Costs
Non-Federal:
Acquisitions $ 32,000
Appraisals $ 16,000
Condemnations S 80,000
PL 91-646 S 0
Total Non-Federal Acquisition/ S 128,000
Admin Costs
Public Law 91-646 Payments S 0
Contingency (30%) (RD) $ 395,200
Total Estimated Real Estate Costs (RD) $ 1,713,200

*A contingency of 30% is estimated to cover uncertainties
associated with such elements as valuation variance,
negotiation latitude, condemnation awards and interest, and
refinement of boundary lines during ownership verification.

1l1. RELOCATION ASSISTANCE BENEFITS

We do not anticipate any benefits under Public Law 91-
646.
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12. MINERALS

No known minerals exist in the project area.

13. NON-FEDERAL SPONSOR’S AUTHORITY TO PARTICIPATE

This project has two local sponsors. The Municipality
of Aguada would be responsible for the Espinar levee and
corresponding features, and the Municipality of Aguadilla
would be responsible for the Aguadilla levee and
corresponding features. Municipalities within Puerto Rico
are empowered by Section 821 of Title 29 of the Statutes of
Puerto Rico to construct public works projects in
conjunction with agencies of the United States through
contracts. This section also provides authority to bond and
expend monies therefore. Municipalities are also an
autonomous local government whose operations are subject to
the Constitution of the Commonwealth of Puerto Rico, and to
the Puerto Rico Law for Municipalities, Act 81 of August 30,
1991. Municipalities also have legislative and
administrative powers under Section 1107 of Title 21 for
municipal purposes to construct public works including the
power to acquire lands and equipment necessary and
convenient thereto.

14. REAL ESTATE MILESTONES

Acquisition will be initiated after execution of the
Project Cooperation Agreement. All lands needed for the
project must be acquired and certified to the Federal
Government prior to the advertising of project construction
contracts. It is estimated to take approximately two years
to acquire project lands.

15. RELOCATION OF ROADS, BRIDGES, UTILITIES, TOWNS, AND
CEMETERIES

The project sponsors would be required to assume the
cost for all relocations and alterations involved with this
project. Although this real estate appendix describes the
relocations and alterations, it does not include any costs
associated with the relocated structures. An Attorney’s
Opinion of Compensability will have to be requested for the
road ramps and the relocation of the utilities to determine
if there is a compensable interest in these relocations.
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a. Roads

Three road ramps would be required where the proposed
levee crosses Highway 418, Highway 115, and Highway 442.
These are relocations in place that are located within the
levee right-of-way. Since no temporary construction work
areas have been delineated for the road ramps, a higher than
usual contingency of 30% has been applied to the real estate
cost estimate. Any required temporary construction areas
will be addressed during plans and specifications.

A detour road will be required for Highway 442 ramp and
will be identified during plans and specifications and upon
coordination with the Puerto Rico Highway and Transportation
Authority. Highway 418 could be used as a detour while
working on Highway 115 and vice versa. The locations of the
proposed road ramps are shown on Plate C-1.

b. Bridges

There are no bridges affected by this project, except
for an existing box culvert located in Cano Madre Vieja
under Highway 418 that would have to be extended
approximately 10 meters at each end to accommodate the

proposed road ramp.

c. Utilities
There are water lines, sewer lines, electric power
lines, and telephone lines that would require relocation.

The location of the existing utilities and costs associated
with these utilities are provided in the attached map.

d. Towns
There are no reestablishment of towns for this project.
e. Cemeteries

There are no identified cemeteries located on lands to
be acquired for the project.

l6. PRESENCE OF CONTAMINANTS (HAZARDOUS, TOXIC AND
RADIOACTIVE WASTES)

There are no known hazardous, toxic, and radiological
waste (HTRW) sites within the project area. An initial HTRW
assessment was conducted in May 1995 and updated in May
1999. The assessment included an investigation of the water
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quality and air quality potential impacts in the project
area, review of available literature and documents, and site
reconnaissance. The predominant land use is agricultural
and poses little or no HTRW threat. No signs of potential
HTRW problems were identified and no sites with potential
for contamination with HTRW were found.

17. ATTITUDE OF LANDOWNERS

Various interested groups and residents of the
floodplain are in support of this project. They have been
involved in the coordination effort early on.
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18. MCACES

PROJECT: RIO CULEBRINAS FLOOD CONTROL PROJECT, PR
DETAILED PROJECT REPORT

DATE : 2/00; Rev. 9/00, 7/01
01 LANDS AND DAMAGES
01AA PROJECT PLANNING $21,000
01B-- ACQUISITIONS
01B20 BY LOCAL SPONSOR (LS) $32, 000
01B40 REVIEW OF LS $11,000
0lCc— CONDEMNATIONS
01C20 BY LS $80, 000
01C40 REVIEW OF LS $13, 000
01E-- APPRAISALS
01E30 BY LS $16, 000
01ES50 REVIEW OF LS $ 6,000
01F-- PL 91-646 ASSISTANCE
01F20 BY LS S 0
01F40 REVIEW OF LS $ 0
01G-- TEMPORARY PERMITS/LICENSES RIGHTS-OF-ENTRY
01G20 BY LS $ 0
01G40 REVIEW OF LS S 0
01G60 DAMAGE CLAIMS
01MOO PROJECTED RELATED ADMINISTRATION
REAL ESTATE REVIEW OF PCA $ 2,000
01R-- REAL ESTATE PAYMENTS
01R1 LAND PAYMENTS
01R1B BY LS $1,137,000
01R2 PL 91-646 ASSISTANCE PAYMENTS
01R2B BY LS S 0
TOTAL REAL ESTATE COST EXCLUDING CONTINGENCY $1,318,000
REAL ESTATE CONTINGENCY (30%) (RD) [ 395,200
TOTAL PROJECT REAL ESTATE COST (RD) $1,713,200

D43
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RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

APPENDIX E
ECONOMIC ANALYSIS

. INTRODUCTION
A. General

The Rio Culebrinas Detailed Project Report is being conducted under Section
205 of the Flood Control Act of 1948, as amended.

The study area is located southwest of the town of Aguadilla and at Espinar
Ward, northeast of Aguada. This appendix describes the social and economic
conditions pertaining to the detailed Rio Culebrinas floodplain. A description of the
estimated flood damage induced by the river for existing and future conditions, as well
as the benefits to be derived from the implementation of alternative flood control plans
for the area, are discussed.

B. Social and Economic Profile

The municipalities of Aguadilla and Aguada are included in the western region of
Puerto Rico, as established by the Puerto Rico Planning Board. This region located in
the most western part of Puerto Rico, includes the municipalities of Aguada, Aguadilla,
Anasco, Cabo Rojo, Guanica, Hormigueros, Isabela, Lajas, Mayaglez, Moca, Rincén,
Sabana Grande, and San German. Aguadilla is one of the three development centers
of the region. It has a territorial extension of 94.8 square kilometers and a population
density of 626 persons per square kilometer. Aguada, located south west of Aguadilla
has a territorial area of 80.1 square kilometers and a population density of 448.3
persons per square kilometer. They are located about 130 kilometers from the San
Juan Metropolitan Area.

The city of Aguadilla is one of the largest urbanized areas on this part of the
island. The economic base of the municipality revolves around major manufacturing
activities, trade, educational, and health services. The second most important airport in
Puerto Rico is located at Aguadilla’s former Ramey Air Force Base.

1. Population. The total population for the Municipalities of Aguadilla and
Aguada grew from 86,173 inhabitants in 1980 to 95,246 in 1990 for an increase of 10.5
percent. According to US Census Bureau estimates for July 1998, the municipality of
Aguadilla showed an increase of 12 percent for a total population of 66,404. Aguada
also showed a change of 9.6 percent for a total population of 39,347. The Community
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of Espinar, which is part of Aguada, had a total population of 1,382 in 1990 and
estimated 1,600 inhabitants in 1998. The population of the two municipalities,

according to the Puerto Rico Planning Board, is expected to grow to 106,200 in 2005.
See Figure E-1.

Population in M unicipalities of A guadilla
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Figure E-1
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2. Employment. Local economy was traditionally centered around
agricultural pursuits mainly sugar cane in the coastal plain, and coffee, cash crops and
cattle at higher ground. The sugar industry, as in the rest of the island has significantly
declined. However, it is still cultivated throughout the study areas. The Central Coloso, the
only sugar mill still operating in Puerto Rico, is located in the study area.

Today manufacturing, services and government sectors are the principal
providers of employment. As of May 1999, the total labor force in Aguadilla and
Aguada was about 24,360 persons. Of these, 85.3 percent or 20,779 were employed.
The unemployment rate was estimated at 14.7 percent. Refer to Figure E-2 and Table
E-1.

Employment by Sector

Percentage Distribution

Total for Puerto Rico Aguadilla and Aguada

Source: P.R. Department of Labor and Hurman Resources

Figure E-2

! This figure represents the total employment covered by the Employment Security Law. This law covers about
97 percent of the Puerto Rico labor force.
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TABLE E-1
RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT
Distribution of Employed People by Major Economic Sector
(Aguadilla and Aguada)
As of May 1999
Total Labor Force 24,360
Employed 20,779
Unemployed 3,581
Unemployed Rate 14.7
Distribution:

Manufacturing 6,096
Non-Manufacturing 14,548
Construction 450
Transportation, Communications, etc. 1,218
Trade 3,620
Finance 485
Services 4,989
Government 3,756
Others 30
Agriculture and Related 135

3. Infrastructure. Public utilities for power and domestic sanitary and water
supply provide the necessary services to the area. These include a wastewater
treatment plant with 8-MGD capacity that serves the towns of Aguadilla and Aguada.
An electric power transmission center located at Victoria Ward (Reach 3, Zone 5) has
112 MVA capacity with 2 incoming 115 KV transmission lines and five 38 KV
subtransmission lines. Eight substations connected to the 38KV system distribute
power to the 13.2 and 4.16 KV network.

A network of state roads and highways connect the town of Aguadilla and
Aguada with the rest of the island. These recently improved transportation routes,
adjoining the study area, contribute to support continuous economic development of the
municipalities in the northwestern and western region of Puerto Rico.

The second most important airport of Puerto Rico is located at Aguadilla. The
airport is rapidly becoming a major air cargo movement center. According to Ports
Authority statistics air cargo between 1997 and 1998 increased from 36,770,100 to
55,800,600 pounds. This represents a 52 percent increase.

4. Tourism. Aguadilla is well known for its surfing beaches favored by local

tourism and international wave riders. The most popular sites are Crashboat, Gas
Chambers and Wilderness. This sector of the base economy is characterized by its
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growth and development over the past years with sustained investments in the hotel
rooms inventory. This expansion offers new and/or renovated accommodations, which
in FY98 showed an increase of over 10 percent registration for the area.

C. Detailed Study Area

The detailed study area includes the southern portion of the town of Aguadilla
including Higuey and Victoria wards, and Espinar Ward in the town of Aguada. The
area is divided into three damage reaches for purpose of economic analysis, plan
formulation, and evaluation. The total area encompasses approximately 942 structures
and facilities of all land uses, major transportation routes, and parks. Most of the
houses in the floodable area are medium-sized concrete structures. Families in this
area belong to middle to low income groups. Elderly persons represent about 11
percent of the population residing in the study area. See Plate 1 at the end of this
Economic Appendix for delineation of reaches.

.  FLOOD DAMAGE ANALYSIS

A. General

This section provides a description of damage reaches and zones, property
subject to flooding, values of property, and depth-damage relationships used to

calculate flood damage estimates. Potential flood damage without project and damage
estimates for the alternative flood control plans under consideration are also included.

The inventory of property subject to flooding was conducted through field visits
using flood profile maps for existing conditions developed as part of this study.

B. Damage Reaches and Zones

Reach 1, is located south of Cano Madre Vieja and from extends the coastline to
the intersection of PR Highway 115 and PR Highway 447. This reach includes the
community known as Espinar Ward of the municipality of Aguada.

Reaches 2 and 3 comprise the southern part of the town of Aguadilla and

contain most of the commercial, public, and utilities affected by flooding. Refer to Table
E-2 and Plate 1 for further details.
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TABLE E-2

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Reaches and Zones for Economic Analysis

REACH ZONES DESCRIPTION OF SECTORS
1 1to7 | South of Cafo Madre Vieja, Espinar Ward of Aguada,
mostly residential low-income community.
2 1 Residential Public Housing Community in Aguadilla.
3 1to5 Southern portion of the town of Aguadilla. Residential,

Commercial, Public and Utilities land use.

Damage reach 1 was further subdivided into seven topographically similar zones
to facilitate economic analysis. Reach 3 was subdivided into five zones for the same
purpose.

C. Inventory of Property Subject to Flooding

For purposes of this analysis, property subject to flooding was grouped in six
land use categories. These are: residential, commercial, public, nonprofit organization
facilities, utilities, and highways and streets. The following paragraphs describe the
property subject to flooding and land use categories.

1. Residential. Approximately 90 percent of all residential structures in the
study area are subject to flooding by the 100-year flood. Table E-3 shows their
distribution by nodes and flood frequency.

Most of the residential structures affected consist of reinforced concrete, one-
family housing units. Average size of structures is about 80 square meters.
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TABLE E-3

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Estimated Residential Structures affected by flooding
By Reach/Node and Flood Frequency

Reach/Node
Frequency 11 1/2 | 1/3 | 1/4 | 1/5 | 1/6 | 1/7 21 3n 3/2 313 | 3/4 3/5 | TOTAL

48 0 0 0 0 0 6 3 0 0 0 10 67

48 8 0 0 0 31 11 144 0 0 10 252

0 48 15 0 0 0 31 25 160 0 23 10 312

0 48 23 6 5 1 0 31 33 160 0 74 10 391

36 48 91 6 8 2 14 31 55 160 70 93 10 624

100 36 48 1562 6 11 3 20 31 55 160 78 93 10 703
SPF 36 48 | 152 6 18 6 95 31 55 160 87 93 10 797

2. Commercial. A total of 95 commercial establishments within the study
area are affected by the 100-year flood event. The historical depth-damage
relationships developed at the Jacksonville District, Antilles Office consider eight
different categories of commercial activity. Businesses were grouped on the basis of
the type of transaction performed, the merchandise or services offered, and the
similarities in the display of contents. Seven of these categories are present in the Rio
Culebrinas study area. These are described as follows:

a. Commercial category 1. Professional services offices, general
merchandise outlets, miscellaneous retail stores, auto parts stores, sporting goods
stores, drug stores, electrical equipment stores, food stores, auto services outlets, and
apparel and accessories stores.

b. Commercial category 2. Personal, professional and commercial

services outlets.

c. Commercial category 3. Eating and drinking places, repair
services outlets, and small building materials outlets.

d. Commercial category 4. Auto Dealers.

e. Commercial category 5. Hardware stores and building materials

outlets.
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f. Commercial cateqory 6. Finance institutions and real estate

offices.

g. Commercial category 7. Warehouses.

Table E-4 shows the estimated number of commercial
establishments grouped by commercial category.

TABLE E-4

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Commercial Facilities affected by flooding
by category and flood frequency

Type of Frequency (Years)

Business 2 5 10 | 25 | 50 | 100 SPF
Commercial Category 1 4 6 10 14 34 38 38
Commercial Category 2 6 6 6
Commercial Category 3 3 4 9 15 34 34 34
Commercial Category 4 5 7 7 7
Commercial Category 5 9 9
Commercial Category 6 1
Commercial Category 7 1 1 1
TOTAL ALL CATEGORIES 7 10 | 19 34 | 91 95 96

3. Public. The public land use category comprises all facilities operated
by the Commonwealth and municipal governments within the study area. )

4. Nonprofit organizations. This category includes religious institution
facilities and private educational facilities.

The number of public and nonprofit facilities affected by flooding is shown
in Table E-5.
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TABLE E-5

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Property Subject to Flooding
Public and Nonprofit Facilities

Category Frequency (Years)
2 5 10 25 50 100 SPF
Public 1 1 2 13 | 22 | 22 24
Nonprofit 0 0 0 0 > 4 =
TOTAL 1 1 2 13 24 26 31
5. Utilities. This category includes 18 electric power substations and

related utility facilities as well as electric power lines, improvements to the land including
the water, telephone, sewage and, and utility meters within the detailed study area.

6. Streets. This category includes all sidewalks, roads, and streets.
Measurements of these facilities were made utilizing flooded area maps developed for
this study. Table E-6 shows the results of such measurements by node and flood
frequency. The 100-year flood affects approximately 11.7 kilometers of roads and
streets.

TABLE E-6

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Property Subject to Flooding
Kilometers of Streets and Highways

Frequency (Years)
Reaches
5 10 25 50 100 SPF
1 0.32 | 0.88 | 1.87 3.78 4.69 5.64
2 1.40 | 1.983 | 3.08 5.67 7.00 9.32
Total 1.72 | 281 | 4.90 9.45 11.69 14.96

E-9




D. Assessment of Property Values

1. General. Structure and content values were developed for each
facility/structure under each land use category within the floodable area of the detailed
study area. The structures values were based on construction cost estimates and
comparable appraisal and sales data. Sources of information include construction cost
estimates in the Ponce and Mayagliez area, the PR Appraisers Comparable Sales Data
System Report, Municipal Property Registry Sales Data Bank and the PR Regulations
and Administration Construction Cost Data System data. The physical condition of
each structure was observed and values determined following accepted appraisers
procedures. These values were adjusted downward to account for depreciation of
structures resulting from obvious physical, functional or external obsolescent. Value of
land was not included in the structure value assessment. Content values in the case of
residential structures were established on the basis of data collected for similar
developments for recently completed flood control studies while in the case of
commercial facilities they were mostly established on the basis of interviews with
businessmen.

2. Residential. For structure value, each house in the study area was
visited and measured; its physical condition, including date of construction and first floor
elevation determined. Then, a replacement value adjusted for depreciation was
determined using construction cost data from sources mentioned above. The
residential content values were assessed by comparative analysis with recently
completed flood control feasibility studies in Puerto Rico and recent field investigations
developed for the Economics Reevaluation of other projects. Comparative analysis was
based on similar socio-economics conditions at each site. Experience in other studies
performed has shown that content value do not vary significantly through Puerto Rico
for similar type of developments and socioeconomic conditions. Table E-7 shows
average structure and content values for residential deveiopments by reach.

TABLE E-7

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Average Values of Property Subject to Flooding
Residential Land Use

Number Average values ($ 2003)
Reach Sector
of structures Structure Contents
1 Espinar Ward 325 34,800 11,300
2 Aponte Public Housing 31 125,000 23,000
3 Aguadilla urban Area 441 46,200 17,100
TOTAL DETAILED STUDY AREA 797 44,616 14,694
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3. Commercial and other land uses. Structure values for commercial uses
were established following same procedure as with the residential structures. Their
content however were based on specific inspections and interviews with owners and
managers of the facilities as well as on previous data developed for other projects.

Values for public, non-profit, and utilities facilities were determined utilizing
comparable data from recent studies. Utility values were provided by the PR Aqueduct
and Sewer Authority, PR Electric and Power Authority and the PR Telephone
Company. Table E-8 shows structure and content value for commercial land uses,
while Table E-9 shows corresponding values for other land uses.

TABLE E-8

Commercial Facilities

Estimated Value of Structures and Contents

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Value of Structures and Contents
Public, Nonprofit and Utilities

Number of Total Values ($2003)
Land Use Category Structures Structure Contents
Commercial Category 1 38 2,282,388 2,403,796
Commercial Category 2 6 438,675 519,100
Commercial Category 3 34 1,054,755 567,721
Commercial Category 4 7 638,300 15,371,368
Commercial Category 5 9 1,316,000 7,477,000
Commercial Category 6 1 70,000 250,000
Commercial Category 7 1 39,375 50,000
Total Commercial Use 96 5,839,493 26,638,985
Table E-9

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Number of Total Values ($2003)
Structures Structure Contents
Public 24 1,952,995 4,429,921
Nonprofit 7 498,750 67,302
Utilities 18 1,836,538 350,000
Total Public,_ r_\l.onprofit and 49 4,288,283 4,847,223
Utilities




4. Other property (external to main structure). This propenrty refers to lawns,
yards, parking areas, fences, automobiles, and other facilities outside the main
structures. Values for these were obtained through field visits and were integrated with
their corresponding land use.

E. Depth-Damage Relationships

Depth-damage relationships for the residential, commercial, and public land uses
developed for the Rio Puerto Nuevo Survey Report (Jacksonville District, 1984) were
utilized to estimate flood damages for existing development. These damage curves
were developed using historical data on flood damages throughout the island.

The depth-damage curves are developed on a percentage basis were generated
for the residential, commercial, public schools and nonprofit organizations land uses.
Available historical damage data for comparable areas throughout the island allowed
the establishment of relationships between depth of water and percentage damage
potential to structure and contents for the facilities mentioned. Such data were not
available for some land uses and the depth-damage relationships were established on
an absolute basis from information provided by representatives of these land uses.
Below a description of the procedure followed in the development of the depth damage
curves.

1. Residential. To determine the damage susceptibility of residential
structures, the actual damages to 250 comparable structures throughout Puerto Rico
during the floods of Eloise (1975) and other most recent hurricanes were analyzed.
The data was obtained from the Damage Survey Reports (DSR) of the Federal
Emergency Management Agency (FEMA). Restoration of damages was executed
under the Minimum Repair Program of that agency. For each residential structure the
cost of replacing or repairing the structural damages was divided by the total estimated
value of the structure. A minimum-least-squares curve of the percentages of structural
damages related to the depth of water was fitted to the data. The curve was used to
determine structural damages to all residential structures within the flood plain. Most of
the structural damages are to the following categories: electric system, plumbing
system, windows, doors, air conditioning units, water heaters, kitchen cabinets, built-in
stoves and ovens, bathroom fixtures, wall-to-wall carpeting, paint, and other furnishings.
The foundations and the structures do not suffer significant damages because they are
primarily built of reinforced concrete. These are affected mostly in areas near the
riverbanks where velocities are significant. Due to lack of data, relationships between
velocities and damage potential could not be developed and were not considered. To
determine residential content damage susceptibility, actual damages to content in 30
residential structures in the Puerto Nuevo area during the 1977 flood were analyzed.
These data were obtained from the Small Business Administration records on disaster
loans to residents in the area and from records of flood insurance policy claims from the
National Flood Insurance Program (NFIP). The value of contents damaged was divided
by estimates of the total value of contents, and a minimum-least-square regression of
percentage of content damages to depths of water was fitted to the data. This curve
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was then used to determine damages from different flood stages to the contents of
residences throughout the flood plain. Figure E-3 shows the curves. The historical
depth of water was obtained from the U.S. Geological Survey records and residents of
the area. These curves were updated in 1987 using actual flood damages to 98
housing structures from the 1985 floods along the Rio Cibuco, Vega Baja, Puerto Rico.

Depth Damage Relationship PR e
Residential Land Use Ll

5

0.000 0.305 0.610 0.914 1.220 1.520 1.830 2.130 2.440
Meters of Water Above First Floor

—e— Percent of Damage Relative to Total Content Value —e— Percent of Damage Relative to Total Structure Value

Figure E-3

2. Commercial establishments. Curves derived for the various categories
of commercial establishments for the Rio Puerto Nuevo area were developed during
1990 by a professional appraiser with considerable experience in investigating claims
under the National Flood Insurance Program (NFIP).

Average damages in terms of a percentage were determined by the
analysis of claims under the NFIP. Empirical data were used to develop damages for
floodwaters of less than 1.22-meter depth. Percentage figures for damages occurring
at depths over 1.22 meters were estimated by the appraiser on the basis of
professional judgment. Although similar in nature, different types of businesses show
different contents damage percentages since the merchandise is displayed differently.
For commercial facilities, major structural damages consist of the electrical system,
plumbing facilities, door, windows, air conditioning units, and other furnishings.

In some instances, a total loss at 1.22, 2.1, or 2.44 meters depth has
been considered. In other cases, total loss occurs at a higher water elevation. The
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average floor-to-ceiling height in an average commercial building is between 2.44 and 3
meters, while other types of businesses have higher ceilings and some property is
stored or placed above 2.44 meters.

Figures E-4 to E-10 present the depth-damage percentage relationships
for he various commercial categories found in the study area. As indicated previously,
these are categories 1, 2, 3, 4,5, 6, and 7.

Depth Damage Relationship
Commercial Category 1

0.000 0.305% 0.610 ¢.914 1.220 1.520 1.830 2.130 2.440
Metars of Water Above First Floor

—e—Parcen t of Damage Relactive to Total Content Value
—®—Pwrcent of Damage Relative to Total Structure Value

Figure E-4




Depth Damage
Commercial

Relationship
Category 2

100

EERY

0.30% o.610 v.sie

1.220 1.520
Maiers of Water Above Flrat Floor

—e—Psrcentol Gamags Asialive 1o Tatel Gontentvalue
—w—Peiceniol Damags Relative 10 Tolat Suclure Value

Figure E-5




Depth Damage Relationship - y -
Commercial Category 3 B s _"

L T T T oY

0% ® ’ + + +
0.000 0.305 0.610 0.914¢ 1.220 1.520 1.830 2.130 2.440
Meters of Water Above First FPloor
—e—Percentol Damage Relative to Total Content Vaiue
—e—Percentot Damage Relative to Total Structure Value
D e p t h D a m a g e R el at i ons h i p
C ommer c i a1l C at e gory 4

© w B W @ % © w B 4 © w o M o6 w 6 w o w o

2 3 . H .
Faset ot W ater A dovae First Floar

—=—— P ecrcentaol Damage R alalive lo TotalCanitantV aluae

—@»—— P s rcoent of D amage A elallva lo Yota) S iructure V ailues

Figure E-7




e g o r vy

t

a

o]

r

C omm e

T 1 T T 1 T T 1
[ 1 [ 1 [ T 1 1 v T 1. 1. 1 1T 1 1T 1T
[ 1 [ [ [ T T T T T B Y B R |
[ 0 [ [ [ T T R T R B B O R |
[ t [ [ [ S T T T T B B R B |
[ 1 [ [ [ T T S T T B B A B |
o 1 o 1o [ T T T T T B S A B |
[ 1 [ [ [ T T S T R B R B R |
[ ' [ [ P T T T T B T B R A O |
— 1 — - r T T [ S T L
[ 1 o [ 4 T T T T o o T
[ 1 [ [ — [ T T T T O S R S B |
[ ! [ [ [ T T T O T T R A S |
b ! TR [ . [ S T S T T B A R |
[ [ I [ * - LI N S | | N N N IR B N B |
[ i Vo o 2 [ T T T T T T S A B |
o | Vo 1o "> [ T T T B B B R B B |
[ I [ o .. [ T T T T T B B A B |
1 T T i I—T r 1T - Y5 T R O Y O A A B T |
et o L s I~ T im—T o/ T
I B I t o [ .- INT 0
[ R T A [ - PN e
[ T T B R A W [ =2 1 [ T T T I R I
[ LA N R B AN I [ o I [ AN | N T I I I A A A |
[ T N T 1 [ O [ [ N T I I T |
L N I T N [ |- - *] L T N T T I O O U B A |
[ T S B A T B A WY [ LI [ T N T T O S A B I
= 4 4—t =1 —— 1~ | — ) +— PR - [ [ B N N
L R N A | 1 e 4 +—1 -1 I=1—+ + — 4 +—
[ T T B R 1 N o0 [ [ T S R B I T
[ T T T N i o [ T N T T R I B |
[ R B R ) o @ [ O T B I B
[ I ( . [ T T S N R S A R B |
”““,.____ t mm oS [ T B B L B B
[ R 1 2 10o) [ R T T S T N S A N
[ T R R 1 < |2 N o & Voo N
e e Ly ppp— — . i [ R T R B R (I
| S [ . 44—l = A - [ T T
[ I T R B R T [ = O A 0 FE T T B R S| o
[ A B T T — T T T T T T S R N B |
[ N T N S B T 1 3 Lo e N
L N A | I L e T S e | [
[ T T B T R T 1 Rey © o [ T T T T T B B AN
[ [ I N A | 1 F L e S N T e I
[ Y N B B R | 1 . [ T T R B T B B I SR AN
4 A=l =1 = = —F 4 [ T T S R T T O B
[ R B R 1 0 © R N e T T
[ N R B R T i [ R T S S T T B A R B |
[ T B R B T 1 [ T T T T T T R A O B
L e A A | 1 oo L O e e
L N A A e 1 LI N B N A e |
L R R | 1 | I S N N LI A A R ]
[ A R B B B 1 [ R T T T T O A |
[ T Y R B 1 @~ [ T T T S (N R B B B B |
4 — o - — +— [ T T T T T N S |
L ' o« G oAl ol b = I R A4 A
[ R R B R | l [ R T T T T T O T R |
[ 1 © [ R T T T T T S B R |
[ Y R BT | 1 [ T T T T Y SO S Y B R B
[ T B B R T ) g U 2 T T T T T O B B
[ Y N T B B T t [ S T B B B S S G|
LI N B | LI I N B | ] © M LI | [ T A A A R A B A |
[ A 1 [ T T T R T T B R I |
L T R R T S . oo [ T T S T T T R B |
[ N N t O Y T U DU DU Hy SOy B (O G
[ N N B B T | 1 [ T R T T T T B A B B
L e e | & [ A e
[ N | 1 [ T T T R S S B B B B
[ 1 Lol [ S T T T S T T B B B B
[ N A B R | 1 [ T T T N T S B B O B
[ T B ST 1 v 0 [ T T T (O S S B T B
[ N N A 1 [ T T T T T T T B B A B
PRI T SO S N N | [ T T e T T B B S |
LZNRA HRND B B B B B T 2o [ SR SR SNV Y TR TN SOV SRS SR T G|
T 1 &t & & 7 1T T 777
. 2 . s v . o 2 s . s . . r o
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
................... a o w a m 6 m b m o m e e moo om0 o

Figure E-9

E-17



Depth Damage Relationship ;ﬁsEEiﬁEEE%i

Commercial Category 7

Figure E-10

3. Public buildings and offices. Damage estimates to structure and contents
of public buildings and offices were established using the depth-damage relationship
developed for elementary schools. For school buildings, data provided by the
Superintendent of Schools, the school directors, the Public Buildings Authority, and the
General Services Administration were used to develop basic depth-damage
relationships. Figures E-11 and E-12 show damage curves for school facilities.

4. Utilities. Cleanup and cost of repair for water, sewage, electric, gas
and telephone lines, meters, and cable TV external facilities were estimated at $2,000
per 4,000 square meters of developed land in the detailed study area. These figures
are based on field observations and discussions with representatives from public
agencies and private enterprises that administer the various utilities. The damage
potential of specialized equipment at electric substations was assessed through
discussions with electric utility engineers.

5. Roads and streets. Damage to roads and streets were estimated
applying a percentage of the cost of repair per kilometer to the number of kilometers
flooded for each flood frequency analyzed. Damage per kilometer was developed
through discussions with officials of the San Juan Regional Office of the Department of
Transportation and Public Works (DTPW). Analysis of current road construction and
repair costs was obtained from variety of source. In accordance with DTPW, the total
cost of repairing a badly damaged two-lane highway is $79,600 per kilometer.
Damages to roads and streets during the flood events analyzed were estimated as a
function of the water elevation above the surface of the pavement. A ceiling of 80
percent of the estimated maximum potential restoration cost was established in the
evaluation of damages for the worst condition in this category of land use. Damages to
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streets were estimated at 75 percent of the road damage per kilometer following the
same procedure as indicated above.

Depth Damage Relationship ‘_f'{?&v-/
Public Category 9 '*‘%r:‘?]‘f@s >
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Figure E-11

Depth Damage Relationship “» 7
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Figure E-12
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6. Nonprofit organizations. Damage potential to the structures and contents of
these facilities were developed using the depth-damage relationship for elementary
schools. This is shown in Figure E-13.
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Figure E-13

F. Flood Damage

1. Historical floods. There is considerable descriptive information about
the events that occurred in October 1985, Aprii and May 1986, January 1992,
September 1998 and most recent events, which took place during 1996-1998 (refer to
Section V11.A.2 of Main Report). However, quantitative data on damage is very
limited.

2. Potential damage. Flood damage according to flood frequency for
residential, commercial, public, and nonprofit land uses were estimated utilizing a
computer program developed at the Antilles Office. The program relates the depth-
damage relationships previously considered to the value of structure and contents of
different land uses subject to flooding given the first floor elevation of each structure.
This provides information of potential damage for each flood frequency event.

To compare alternative plans average annual and cost and average
annual equivalent damage are computed. This equivalent value represents a uniform
distribution of annual values and is computed by discounting and amortizing each
year’s expected annual damage figure over the period of analysis, taking into account
the time value of money associated with damage estimates. Expected annual damage
and equivalent annual damage were computed utilizing the Expected Annual Flood
Damage Computation Model developed by the Hydrologic Engineering Center, U.S.
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Army Corps of Engineers. Potential damage were estimated at the beginning of the
study using the 1999 price levels for structure and content values and were discounted
at 6-7/8, the prevailing interest rate for the time of analysis for the first 50 years of the
project life. During a recent field visit, it was noted that the original damage conditions
for the entire study area have not experienced any significant change. Final analysis
for the estimated damage assessment considers the FY 2003 price levels discounted at
the 5 7/8 percent interest rate for the first 50 years of the project life.

a. Existing conditions. Table E-10 shows flood damage estimates for
single events and land use categories under existing conditions. Total expected

damages for the study area range from $531,000 for the 2-year event to over
$12,000,000 for the 100-year flood.

TABLE E-10

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Flood Damages for Single Flood Events
Without Project Conditions
($1,000 of 2003)

Damage Frequency (Years)

Category 2 5 10 25 50 100 SPF
Residential 177 508 | 1,206 2,235 4,529 5,180 11,109
Commercial 94 105 238 349 4,294 4,318 15,759
Public 54 54 129 207 371 371 1,521
Nonprofit 0 0 0 0 3 12 43
Utilities 206 382 627 843 1,297 2,007 2,282
Streets and Highways 0 7 22 50 153 222 546
TOTAL PERLAND USE | 531 | 1,056| 2,222| 3,684| 10,647 | 12,110| 31,260

3. Expected annual flood damage. Expected annual damage for existing
conditions (2003) are shown on Table E-11. These expected damage, which total
$1,157,600, were derived through a damage-frequency analysis. The damage
frequency integration technique was used to transform flood event damage for each of
the land use categories analyzed into expected average annual damage.
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TABLE E-11
RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Expected Annual Flood Damages Existing Conditions
(In $1,000 of 2003)

DAMAGES CATEGORY ESPINAR AGUADILLA TOTAL
Residential 191.0 322.6 513.6
Commercial 2.0 274.3 276.3
Public 1.5 67.9 69.4
Non-profit 0.2 0.2 0.4
Utilities 20.9 265.5 286.4
Streets and Highways 3.5 8.0 11.5
TOTAL EXPECTED

A 938.5 1,157.6
ANNUAL DAMAGES 219

Source: U.S. Army Corps of Engineers. Estimates developed applying Expected Annual Damages Model program
Hydrologic Engineers Center. October 2003. Current discount rate: 5-7/8%

1. NATIONAL ECONOMIC DEVELOPMENT BENEFITS
A. General

This section describes the procedures utilized to estimate the various categories
of national economic benefits analyzed for assessing flood control plans for the detailed
study area. It also presents aggregate cost data of the plans considered. 2 Costs are
discussed in detail in Appendix C, Design and Cost Estimates, while the flood control
plans are described in detail in the Main Report.

B. Categories of Benefits Considered

1. Inundation reduction. Reduction of physical damages to property,
experienced by occupants of the floodplain, is considered a contribution to income at
the national level. The difference between expected physical annual damages
expressed in monetary terms under with and without projects condition for each plan
was taken as the contribution (the benefits) of that plan. Appropriate multiple frequency
computations of hydrologic and hydraulic conditions and stage-damage relationships
were used to estimate physical flood damages in the area.

Utilizing the depth/damage relationships previously discussed and flood stage
data developed as discussed in Appendix A, Hydrology and Hydraulics, residual

% The total first cost for the recommended plan was updated to reflect cost growth from October 2001 to October
2003. Refers to Table C-1, Appendix C, MCACES report, October 2003.
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damage estimates were developed for each land use category and level of protection.
The plans are discussed in detail in the Main Report. Inundation reduction benefits for
each of the candidate flood control plans are presented on Table E-12. Residual
damages are also presented on Table E-12.

TABLE E-12

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Inundation Damages Reduction Benefits
by Plan and Land Use

($1,000 of 2003)

Land Use SPF Levee . 100 Year Levet.a 50 Year Leve?

Damage Residual Damage Residual Damage Residual

Reduced Damage Reduced Damaged | Reduced Damaged
Residential 513.6 0.0 461.6 52.0 408.3 105.3
Commercial 276.3 0.0 202.5 73.8 158.6 117.7
Public 69.4 0.0 62.3 7.1 58.5 10.9
Non-profit 0.4 0.0 0.2 0.2 0.04 0.3
Utilities 286.4 0.0 275.7 10.7 255.0 314
Streets & Highways 11.5 0.0 8.9 2.6 6.7 4.8
TOTALS 1,157.6 0.0 1,011.2 146.4 887.1 270.5

Source: U.S. Army Corps of Engineers. Estimates develop applying Expected Annual Damages Mode! program
Hydrologic Engineers Center. October 2003. Current Discount rate: 5-7/8%

2. Employment benefits. The basis for considering this benefit is contained
in ER 1105-2-100, which is quoted in part. “Benefits from use of otherwise unemployed
or underemployed labor resources may be recognized as a project benefit if the area
has substantial and persistent unemployment at the time the plan is submitted for
authorization and for appropriations to begin construction. Substantial and persistent
unemployment exists in an area when: The current rate of unemployment, as
determined by the appropriate annual statistics for the most recent 12 consecutive
months, is 6 percent or more and has averaged at least 6 percent for the qualifying time
periods. The annual average rate of unemployment has been at least: (a) 50 percent
above the national average for three of the preceding four calendar years, or (b) 75
percent above the national average for two of the preceding three calendar years, or (c)
100 percent above the national average for one of the preceding two calendar years.”
Consequently, this benefit was considered for the study area.
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The NED benefit considered for employment benefits is limited to payments
to unemployed and underemployed labor resources directly utilized in the construction
and installation of the project and labor used for operations and maintenance.

The unemployment rate in Puerto Rico has been very high as compared to
the national average. The average annual rate of unemployment for Puerto Rico was
estimate in 12.3 percent for the year 2002. United States National unemployment rate
(annual average) for the same period was estimate in 5.8 percent. The unemployment
remains as one of the major socioeconomics problems in Puerto Rico.

For determining the portion of construction labor cost allocated to the
unemployed, it was assumed that 20 percent of the total construction cost of the project
would be used for the wages and salaries of the construction workers. This figure was
arrived at on the basis of information provided by representatives of the local private
construction industry contacted through telephone calls, data obtained from the
Unemployment Insurance Bureau of the Puerto Rico Department of Labor and Human
Resources and from the Rio Puerto Nuevo Flood Control Project currently being built
under the supervision of the Corps of Engineers in the San Juan Metropolitan Area.

To determine the relative amount and classification of labor, an analysis of
the construction schedule at the river stream was made. The percentage distribution
for the various categories is as follows:

Skilled - 77%
Unskilled - 20%
Others - 3%

These percentages were determined from actual data from the Rio Antén
Ruiz project in Humacao, Puerto Rico. This project consists of levees and channel
diversion. It was assumed that labor would remain constant during the construction
phase due to the nature of the project and the location of the project in the eastern
region of the island.

Wages and salaries used to employ workers pull out from the unemployed
pool for each category of workers were determined on the basis of an analysis of
empirical data from the Rio Antén Ruiz. Percentages determined are as follows:

Skilled - 60%
Unskilled - 37%
Others - 3%

These benefits are included as part of the recommended plan and were
amortized at FY 2003 interest rate of 5 7/8 percent. The annual benefits over the 50-
year life span of the project results in annual equivalent employment benefits o
$19,525. .
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3. Reduction in Flood Insurance Overhead. With a flood control project in
place, occupants of the previously floodable land are not required to flood insurance
protection for projects providing 100 year or higher level of protection. It is appropriate
to claim as a benefit the expense of servicing these policies and a pro-rata share of
FIA’s administrative costs. The computation process for the flood insurance costs
saved, which are claimed as a benefit of the project, consist in applying to the number
of the residential structure subject to flooding FEMA existing island wide percentage
(24.6%) of flood insurance policies.

Then, multiplying the resultant figure by the current administrative cost of
flood insurance policy. The annual administration cost for flood insurance policies for
fiscal year 2003 are estimated in $133 per policy according to the Economic Guidance
Memorandum 03-03, of the National Flood Insurance Program Operating Cost. This
results in cost saved adding to $27,810 annually for the entire project.

C. Benefits and Costs Analysis.

The total first costs, interest during construction, total investment costs, and
annual cost estimates for the alternative plans that were under consideration during FY
1999 are indicated on Table E-13. The evaluation of final plans was performed
following ER-1105-2-100 (Principles and Guidelines) procedures. These plans were
evaluated at 6 7/8 percent, the prevailing interest rate at the time of analysis during FY
1999. Alternative structural plans for the SPF Plan, the 100-year Plan and the 50-year
Plan were considered in the economics for each alternative plan. The 100-year plan
had the highest net benefits of $424,000 and was selected as the NED plan with a
Benefit to Cost ratio of 2.4 to 1.0. Refer to Table 4, page 33, of the Main Report.
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TABLE E-13
RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

Economic Costs of Alternative Plans
($1,000 of 1999)

Structural Alternatives
Cost ltem SPF__ | 100 Year | 50 Year

PROJECT COST

Total Construction Cost $4,476 $2,781 $2,711
Pre-Construction Eng. and Design 403 250 244
Construction Management 448 278 271
Lands and Damages 720 646 646
Total First Cost 6,047 3,955 3,872
Interest During Construction 205 127 124
Total Investment Cost 6,252 4,082 3,996
Annual Investment Cost 431 282 276
Annual O&M Cost 25 20 20
TOTAL ANNUAL COST $456 $302 $296

Source: U.S. Army Corps of Engineers. Note: These plan were evaluated at 6 7/8 percent, the prevailing interest rate at the
time of analysis during FY 1999.

Table E-14 presents the revised economic analysis for the final assessment of
the 100-year plan. The 100-year plan remains as the NED plan recommended. The
NED plan was further analyzed and revision of all inundation reduction benefits and
other benefits were taken into account following the guidance of ER-1105-2-100. All
benefits were evaluated at 5 7/8 percent, the prevailing interest rate for FY 2003. This
assessment provides current data for the flood damages reduction benefits considered
with the implementation of current construction of the project.

The economics of the recommended plan is shown in Table E-14 for the entire
project. The total first cost of the plan %is $4,751,400, net benefits are $740,400 and its
Benefit to Cost Ratio is 3.3 to 1.0.

® The cultural resources preservation was not included as part of the total first cost of the recommended plan for
the economic analysis purpose only. ER 1105-2-100 (22 April 2000).
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TABLE E-14

RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO

DETAILED PROJECT REPORT

Economics of the Recommended Plan

(In $1,000 of October 2003)

ESPINAR AGUADILLA ENTIRE
LEVEE LEVEE PROJECTS

PROJECT COST

| Total First Cost * 1,839.2 2,912.2 4,751.4
Interest During Construction 35.6 75.5 111.1
Total Investment Cost 1,874.8 2,987.7 4,862.5
Annualized Investment Cost 116.9 186.2 303.1
Operation and Maintenance 5.0 10.0 15.0
Total Annual Cost 121.9 196.2 318.1 |
ANNUALIZED BENEFITS
Inundation Reduction 193.7 817.5 1,011.2

| Employment Benefits 6.2 13.3 19.5
Flood Insurance Cost Savings 11.8 16.0 27.8
TOTAL ANNUAL BENEFITS 211.7 846.8 1,058.5
NET NED BENEFITS 89.8 650.6 740.4
BENEFITS TO COST RATIO 1.7 4.3 3.3

Source: U.S. Army Corps of Engineers. Expected Annual Damages Estimates program. October 2003. Current Discount rate: 5 7/8%.

* Cultural Resources Preservation not included.

E-27



AGUADILLA BAY

N

CANO MADRE VIEJA

DEPARTMENT OF THE ARMY
JACKSONVRLE DISTRICT, CORPS OF ENGINEERS
JACKSONVLLLE, FLORIDA

DETAILED PROJECT REPORT
RIO CULEBRINAS
AGUADANAGUADILLA, PUERTO  RICO

STUDY AREA
ECONOMIC REACHES

INV. NO. SIZE [DRAWING NO.
DATED: PLATE E-1

SCALE (METERS) SCALE: AS SHOWN |DATED: 11-17-00 SHEET 1 OF 1




SECTION 205 MARCH 2002
FLOOD CONTROL

RIO CULEBRINAS
AGUADILLA-AGUADA, PUERTO RICO

DRAFT

DETAILED PROJECT REPORT
AND

ENVIRONMENTAL ASSESSMENT

US Army Corps
of Engineers

Jacksonville District Vs e e dgunda Mu  ipinde Aguadiils




RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
SECTION 205
DETAILED PROJECT REPORT AND
ENVIRONMENTAL ASSESSMENT

A STUDY TO DETERMINE THE FEASIBILITY OF
PROVIDING A FLOOD CONTROL PROJECT
FOR THE RIO CULEBRINAS
IN THE VICINITY OF AGUADILLA AND AGUADA, PUERTO RICO

JACKSONVILLE DISTRICT
U. S. ARMY CORPS OF ENGINEERS

MARCH 2002



RIO CULEBRINAS AT AGUADILLA AND AGUADA, PUERTO RICO
DETAILED PROJECT REPORT

SY ABUS

This report describes the problems resulting from the overflow of Rio Culebrinas at
the southwest portions of the town of Aguadilla and the community of Espinar at Aguada,
formulates several alternatives to reduce flooding damage, and recommends a 'a | of
action. The report was prepared under the authority provided in Section 205 of the Slood
Control Act of 1948 as amended. The study was conducted at the request of the
idunicipalities of Aguadilla and Aguada.

The study area lies in the alluvial flood plain of Rio Culebrinas between e
municipalities of Aguadilla and Aguada. This area is located in the northwestem coas. ¢f
Puerto Rico. The Rio Culebrinas has a drainage area of approximately 267 si uare
kilometers. Rio Culebrinas main channel has a relatively low hydraulic capacit . : the
alluvial valley. The excess discharge flows over the banks of the river into the Cafo
. Iadre Vieja alluvial valley producing damage in the adjacent communities. The 100-year
flood for existing conditions wil! affect approximately 703 residential structures. Total
damage range from approximately $2.2 million for the 10-year flood to $19.2 m _~ for
the Standarc Project Flood (SPF) with average annual equivalent damage being
approximatelr 31,157,600. Residences, commerce, and public facilities are, in that crder,
the mast affected land uses.

The recommended plan consists of two segments of levees with a fotal length of
approximately 3,300 meters, a 60 meters pilot channel, and interior drainage facilities.
The plan protects the southwest portion of Aguadilla and the community of Espina
Aguada. The plan is design to protect against the 100-Year flood and would reduce 87
percent of the total annual flood damage. This plan maximizes the net nationat economic
development benefits. The total first cost of the recommended plan is approximate
$4,548,000 with total annual cost estimated at $311,500. Since total annual benefit is
$1,198,000, the implementation of the project would result in a benefit to cost rat 3 of
3.8/1.0. Under the current cost-sharing policy the Federal Government cost wol d be
$2,410,600 while the non-Federal share would amount to $2,137,400.
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TTUMYERSIC o rACTOF T TSLE
LENGTH
1 kilometer = 0.6214 mile
| meter = 3.2808 feet
i centimeter = 0.3937 inch
I millimeter = 0.03837 inch
AREA
1 square kilometer = 0.3861 square mile
1 square kilometer = 247.1054 acres
1 hectare = 2.4711 acres
1 square meter = 1.1960 square yards
1 square meter = 10.76 square feet
1 “cuerda” = 3,930.39 square meters
=(0.9712 acres
VOLUME
1 cubic meter = 1.3080 cubic yards
1 cubic meter = 35.3147 cubic feet

VELOCITY

1 meter per second = 3.2808 feet per second

FLOWRATE
1 cubic meter per second = 35.3147 cubic feet per second

1 cubic meter per second = 22.8241 million gallons per day (mgd}
1 liter per second = G. 353 cuic feet per second

."."'7"\ ! E | G H T

1 metric ton = 2204 622 Ibs.
1 metric ton = 1.1023 short tons
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ABBREY ATIONS AND ACRZINYMS
Coastal Barrier Improvement Act
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National Oceanic Atmospheric Administration
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Puerto Rico Planning Board

South Atlantic Division

State Historic Preservation Officer

Standard Project Flood

United States Code

United States Fish and Wildlife Service
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RIO CUL R NAS TAGUAD _AANDAGL DA
DET+'_ .. PROJECT REPORT

MAIN REPORT

1. INTRODUC™ ON

This report presents the results of investigations inio floodir~ and related
problems resulting .rom the ¢ rerflow of Rio Culebrinas into Cafio ! - " e Vieja at the
southwest portions of the to 1 of Aguadilla and at the community of =sp 1ar at Aguada,
Puerta Rico. The report was prepared in response to a request, from the unicipality of
Aguadilla, for assistance in reducing flooding from Rio Culebrinas and Cafio Madre Vieja.

il. STUDY AUTHO T,

This stud> as authorized by Section 205 of the Flood Control Act of 1948 as
amended, which states:

The Secretary of the Ammy is hereby authorzed to allot from any
appropriations heretofore or hereafter made for flood control, not to
exceed $40,000,000 for any one fiscal year, for the construction of small
projects for flood control and related purposes not specifically authorized
by Congress, which comes within the provisions of Section 1 of the Flood
Control Act of June 22, 1836, when in the opinion of the chief of
Engineers such work is advisable. The amount allotted under this Section
for a project shall be sufficient to complete Federal participation in the
profect. Not more than $7,000,000 shall be allotted for a project at any
single locality. The provisions of local cooperation specified in Section 3
of the Flood Controf Act of June 22, 1936, as amended, shall apply. The
work shall be complete in itself and not commit the United States fo any
additional improvements to insure its successful operation, except as may
resuit from the normal procedure applying to projects authorized after
submission of prefiminary examination and survey reports.

By letter dated August 21, 1989, (see enclosure 1} the Municipality of Aguadilla
- 1ade formal ap lication for a study of the Rio Culebrinas and Cafio M dre “fieja area
under the authority cited above. A reconnaissanc~ eport was completed or aarci 1002,
the report showed that a levee alternative to solve the flooding problem at the study area
appeared to be feasible ar 1 .1at further detailed studies were v ranted. The Di sion
Engineer. therefore, approvec he preparation of a Detailed Project Report (DPP? inds
to initiate this DPR were allocated on fiscal year 1995. The Municipalities of Aguadiila
and Aguada are the local sponsors for the project.



S T.2 RRTT

The crimary  urpose of this stucy is to investigate in detail the frequent floc
i | related problems caused by overflo '= from Ric Culebrinasinto Cafiy ad .

f1e southwest portic s ¢f the town of /4 guadilla and the communi s 21 "zspir - s
Municipality of A¢ uada. The study also investigates if feasible alternatives for rec ciig
ine flooding . ¢ lems exist without causing adverse impacts to the cor o, tr

e v onment, ana the existing infrastructure of the area, and recomme as the most
rozriate course of action within the Federal and Puerio Rico ¢ :lines and
i _ulations.

The investigations were of sufficient detail to identify the problems being
experienced, determine probable future conditions, identify and evaluate possible
structural and non-structural alternatives, evaluate all adverse and beneficial impacts of
each alternative, determine public support for such altematives, and recommend the best
course of action.

. STUDY PROCESS

Section 205 Continuing Authorities studies follow a staged process, which
includes the four functional planning tasks of problem identification, formulation of
alternatives, impact assessment, and evaluation.

Initially, the study team reviewed previous reports, interviewed local resic nts
ainc officials, and made field observations. The study process then concentrates on . 2
formulation and development of altematives, assessment of impacts, and relative
evaiuations. The activities were based on detailed technical analyses including flood
plain topography, hydrology, hydraulic, and geotechnical investigatic *« socicec mic
analysis; biological and ecological studies; and cultural resources eva iations.

After technical studies are completed, a draft DPR and Environmental
Assessment (EA) is prepared for Intema' Technical Review (ITR" jrocess and for review
by South Atlantic Division (SAD), U.S. Army Corps of Engineers (L SACE). Next the dre®
report and environmental assessment is circulated for review by the Local Sponsors,
Puertc Rico and Federal agencies, and the general public. The subsequent steps
involved with project implementations are summarized below;

1. Review and approval of the final Rio Culebrinas at Aguadilla and Aguada,
Puerto Rico, Section 205 DPR by Commander South Atlantic Division.

2. Allocation of funds for plans and specifications.



3. F’repération " detailed Plans and Specifications.

4. Approv . of the project for construction by the Office of the Assisiant
Secretary of the Arny for Civil Works.

5. Execution of the Projiect Cooperation Agreement (PCA).

6. Sponsor accomplishes required acquisitions, relocations, and certifies
project lands.

7. Funds allocation by Secretary of the Army for construction.
8. Advertise, award, and construction of the project.

9. Transfer the completed project over to the Sponsor for continued operation
and maintenance.

V. SCOPE OF REPORT
A.  Study Area

The detailed study area consists of the Rio Culebrinas basin, locat-, ~* e
northwestern coast of Puerto Rico within the municipalities of Aguadilla and Aguaga,
approximately 115 kilometers west of San Juan, {(See Figure 1). The main focus of the
study is in the flood plain along the southwestern edge of the town of Aguadilla ar the
community of Espinar, where fiooding is a major frequent problem.

B. Study Participants and Coordination

Coordination of this report was accomplished through numerous formal and
informal meetings with various Puerto Rico and Federal agencies, the mayor of Aguadilla,
the mayor of Aguada, locatl legislators, various interested groups, and the residents of the
flood plain. Table 1 shows the participating government agencies. The investigation was
thoroughly coordinated with the Municipalities of Aguadilla and Aguada, which are the
local sponsors for the project.

Meetings held with representatives from the various government agencies
were aimed at the collection of data necessary for the . restigation and at the
assessment and evaluation of impacts from the alternatives considered. A major
objective of the coordination effort was to involve the local governments and citizen
representatives as equal partners in the study process.
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DETAILED PROJECT REPORT
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C. Organization of the Report and Study Process

The results of these investigations are presented in a main re »ort, and
E  ironmental Assessment \EAY and f  appendices. TF. main repor t ¢ «e ™
c :scription of the - basin, analysis of the study area's floodi ; | roblems, p
. mulation and evaluatio orocess, and conclusions and recomn ¢ r itions of the study.
"he EA documents the description and analysis of the environmental resources as - -l
as the evaluation of the potential effects that the plan of action would have on these
resources and the rest of the area's human environment. "he EA made reference to
inputs and comments from other Federal agencies, particutarly the Fish and \ . Idlife
Service (USFWS) and the Environmental Protection Agency (EPA). The appendices
present the supporting data and detailed investigations conducted as part of the study.
T iese include: Appendix A, Hydrology and Hydraudlics; Appendix B, Geotechi ™ 1l
Studies; Appendix C, Design and Cost Estimates; Appendix D, Economic Analysis; and
Appendix E, Real Estate Plan.

DES F ° = THE STUDY AREA
A. Physiography

1.  The river basin. The Ric Culebrinas basin is located within the
Municipalities of Lares, San Sebastiar.. Moca, Aguada, and Aguadilla on the northwestemn
coast of Puerto Rico. The Rio Culebrinas basir is bordered to the north and east by the
Rio Guajataca basin, to the south by the Rio Cuiebra and Rio Grande de Afiasco basins,
and to the west by the Aguadilla Bay. The basin is considered a fairv gently sloping
basin. A prominent feature of the basin is a 100-meter high limestone escarpment that
extends along its northern boundary. There are no impounding reservoirs within the river
basin. The total drainage area is approximately 267 square kilometers (103 square miles)
at the mouth (See Figure 2). There may be additional drainage area in the limestone
karst terrain along the northern side of the basin that cannot be precisely delineatec using
topographic maps.

The Rio Culebrinas originates in the western part of the « tral
mountain range of Puerto Rico at an elevation of approximately 450 meters (1,50 feet)
above mean sea level. Its main tributaries are Rio Guatemala, Rio Cafio, Rio Sonador,
and Quebrada Grande. The river flows in a westerly direction through the towns of San
Sebastian, Moca, Aguadilla, and Aguada to discharge into the Aguadilla Bay in the Inna
Passage. The total . gth of the river channel is approximately 44 kilometers 7.3
miles). The Canc adre Vieja, a 2.1 kilometer (1.3 miles) distributary of Rio Cule!l 'nas,
is an old river outlet that flows across the study area and discharges into the Ag adilla
Bav. This small intermittent stream 's the political boundary dividing the municig - ities of
Aguadilla and Aguada.
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2. 7 ‘'wgys 1 it The principal soil associations for d int e i
Culebrinas basin are. the ‘oladora-Moca, Colinas-Soler, Caguabo- cara, anc =
Consumo-Humatas, in the uplands and the Coloso-Toa and Bejucos-Jobos in the @ .2r
flood plain. These soils are mostly of the "D" type, with a high runoff po atiai. T oe 'B"
soils with moderate degree of drainage potential is also found within this asin. The flood
plain is composed of atiuvial deposits of sands, silts, clays, and gravels of various sizes.

3. Climate. According to the U. S. Weather Bureau climatological zone
designations, the upper part of the basin lies within the weste " 1terior zone; the riorth
part and the flood plain are in the northern slopes zone. D~ ") ~mperature ranges are
relatively small, with a mean annuat temperature ranging from 21 to 26 degrees
centigrade (70 to 80 degrees Fahrenheit). Mean annual precipitation varies from 115 to
205 centimeters (45 to 80 inches).

B. Natural Resources

1. \fater resources. There are significant surface and groundwater
resources in the r io Cuiebrinas basin. The average discharge of the Rio Culebrinas from
23 years of record is 8.44 cms (298 cfs or 215,900 acre-ft/yr), which is the fifth largest of
all the basins in Puerto Rico. Groundwater occurs in more than one aquifer in the area,
but the alluvial aquifer is the most important. Lack of adequate flow control structures
limits further development of present surface water supply.

2. Coastal resources. Coastal resources within the study area include
some wetlands near the mouth of the rivers, extensive agricultural coastai plains, and a
o _ stretch of undeveloped sandy beaches designated as a Coastal Barrier under the
—oastal Barrier Resources Act (CBRA) of 1882 (Public Law 97-348).

3. Environmental resources. The river valley was cleared of its original
vegetation before the Twentieth Century and extensively planted with sugar cane. Sugar
cane is no longer a major crop in the study area, although it is still sparsely grov ~ ear
the coast. Most of the lands in the detailed study area are now fallow or unimproved
pasture, but climax vegetation would be an open-crowned semi-deciduous hardwood
forest dominated by the native tree ucar (Bucida buceras). Cattle grazing have limited
tree and shrub vegetation to a few sporadic patches or riverbank stands.

The major environmental resources within the study area are the
Cayures swamp near Central Coloso, the coastal barrier along the Espinar beach, and
the mangrove and herbaceous wetlands near the mouth of Cafo Madre Vieja. Other
environmental resources include aguatic habitat within the river channe estuarine habitat
at the river mouth, the near shore saltwater habitat where the river enter the oce: |, the
agricultural lands adjacent to the river, and the riparian habitat within the river banks.
According to the U.S. Fish and Wildlife Service (USFWS), there are no known threatened
or endangered species occurring within the proposed project area.



4.  Cttural resot ¢ The Rio Culebrinas valley is a very important area
in the prehistory anc hus n ¢ “uerto Rico. The area was inhabited throughr = the
Ceramic age of prehis ary, demonstrated by archeological sites containir~ Salad id and
Ostionoid series ceramics. A nine-kilometer (5.4 mile} stretch ¢ . sastlir._ encomp ssing

o study area is the conjectured 1493 landing site of Colur 1s. Sir Francis Jrake
visited the area in 1595. The Iglesia de Espinar, identified as the <wins of the He mitage
of “'m aculada Concepcion of Barrio Espinar, Aguada” on the operty’s draft National
Regist~ * arm, is one of Puerto Rico's earliest churches and is >cated adjacent to the
Zspinar 1+ 2.  The church was originally constructed in 1526. Numerous sugar
producing haciendas and sugar processing molinos (sugar mills) were established in the
river floodplain in the 19" and 20" centuries.

C.  Soccio-Economic Characteristics

1. General. The Municipality of Aguadilla was cfficially established in
1775. It covers an area of 93.2 square kilometers (23,030 acres;. It is bounded to the
north by the Atlantic Ocean, with the Municipalities of Isabela and Moca to the east,
Municipality of Aguada to the south, and the Mona Passage to the west. It is territonally
subdivided in 16 "barrios" or wards.

The Municipality of Aguada was initially established in 1510. It covers
an area of 78 square kilometers (19,274 acres). It is bounded to the north by the Mona
Passage and the Municipality of Aguadilla, with the Municipality of Moca to the east,
Municipality of Anasco to the south, and the Municipality of Rincdén and the Mona
Passage to the west. It is territorially subdivided in 18 "barrios” or wards.

The Municipalities of Aguadilla and Aguada are connected to the
island's primary highway system through Highway 2. Highway 115 connects the towns of
Aguadilla, Aguada, and Rincén. Highway 111 connects the towns of Aguadilla, Moca,
and San Sebastian. There are several second and third order highways and municipa:
roads linking all the "barrios” and rural communities with each other, with the town of
Aguadilla, and with the neighboring towns.

The economic base of both neighboring municipalities revolves around
major and diversified manufacturing activities, local tourism, trade, educational and
health services. The second largest airport in Puerto Rico is located at Aguadilla’s former
Ramey Air Force Base.



2. Demographics. The town of Aguadilla, which is the mnain urba « . ter
of the study area, is a dense urban arez iocated on the northwestern tip of & 'sic  to
the north of Rio Culebrinas. According to the U. S. Census Bureau, the poputation of "he

inicipality of Aguadilla totaled 59,335 persons in 1990, of which approv nate -
4C nercent live within the urban area of Aguadilla. U.S Census Bureau estimates “ yr Ju |
2000, showed a 7 percent increase for a total population of 63,51+ persons. Tt Lan
_rea includes the wards of Aguadilla Pueblo, Borinquen, Caimita Bajo, Camaceyes, and
\ictoria.

The Community of Espinar is a relatively large coastal rural communi |
located in the northwestern comer of the Municipality of Aguada. According to the L. .
Census Sureau, the population of the Municipality of Aguada totaled 35,811 persons in
1990, of + hich approximately 4 percent 1,382 persons live in Espinar community. .5
Census Bi ~au estimates for July 2000, showed a 9.2 perce~* ' icrease for ~ 'otal
population of 39,536 persons for the Municipality of Aguada of which approximatelv 1,582

persons live within the Espinar Community.

3. Employment and labor force. Local economy was traditionally
centered around agricultural pursuits, mainly sugar cane, coffee, tobacco, minor crops,
and cattle at higher ground. The sugar industry, however, as in the rest of the island. has
been rapidly declining. Sugar cane is still cultivated in the flood plain arc hlse  the
upper basin. Central Coloso is the only sugar mill still operating in Puerto Rico.

Fishing was, and still is, an important activity. Today, Manufacturing
and local tourism are the most important sectors of the local economy. Ramey Air Force
Base was an important source of revenue and employment during the 40 years that it
was in operations. Today, the former Air Force Base houses a large residential
communitv, several beaches, one golf course, an International Airport, many government
offices and facilities, schools 2 d universities, several commercial ana industrial activities,
and other military and nationa. gefense activities.

0. Future Conditions

1. Population and labor force. Considerable population and economic
growth in the study area, and particularly in the towns of Aguadilla and Aguada, are
expected to continue with or without a flood control project. Completion of Sar Juan-
Arecibo Expressway (Highway 22) and ongoing improvements to Highway ' and
. provement of secondary roads would contribute significantly to this gro *+  The
cunstruction of new industries, shopping malls, hotels, airports, “arbors, anu the
expansion of the services sector would stimulate further development of the area.
According to projections of the Puerto Rico Planning Board {(PRPL the combined
population of the municipalities of Aguadilla and Aguada are projectec o increase from
95,246 in 1990 to approximately 106,200 persons by the year 2005. . he total combined
labor force will be concentrated in the services particularly tourist and professional
services, retail trade, and government.
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2. Land use. According to the PRPB land use wlan for the year 1992, the
land proposed for future urban expans on is mostl. ocated east of the town of Aguadilla
and to some extent southwest of the urban core, and to the south of the town of Aguada.
The area has a !arge potential for additional industrial and residential development
because of improvements to its infrastructure like the ongoing improvements to Highway
2, construction of the Aguadilla Harbor, and the utilization of former Ramey Airfield by
commercial airlines.

PROBLEMS, NEEDS, AND OPPORTUNITIES
A.  Flooding

1. General. During flood seasons the Rio Culebrinas and Cafic Madre
Vigja are a potential danger to the lives of the residents of the study area and are a
source of frequent flood damage. Floods can occur anytime during the year; however,
they are most frequent during the period of May through December. Large peak
discharges resulting from storm rainfall, generally associated with the passage of
hurricanes, trapical depressions and tropical waves over or near the island. Cloudburst
storms can occur anytime during the year, and because of the very steep slopes in the
upper basin, flash floods are another common type of event affecting this area.

There is only one principal floodable area within the watershed:. the
mostly confined and relatively flat Rio Culebrinas flood plain between the towns of
Aguada, Aguadilla, and Moca. Below Highway 115, the 100-year flood from Rio
Culebrinas inundates over 1,500 acres of land. The community of Espinar in Aguada is
tocated in the middle of the flood plain between Ric Culebrinas and Cano Madre Vieja
(refer to Figure 1). Floods inundate all the major highways and roads in the Rio
Culebrinas flood plain. The entire community of Espinar is surrounded by floodwater
during large floods.

2. His*~-~~' floods. Since the turn of the century there have been at
least 38 large floods on .ne Rio Culebrinas. The largest flood of record occurred in
September 16, 1975 during Tropical Storm Eloise. This flood had an estimated
recurrence interval of approximately 50 years. The discharge associated with this flood
was estimated at 1,955 cms (69,000 cfs), and stages just downstream of Highway 2,
where ground elevation average approximately 4.0 meters, reached approximately
7.2 meters (23.6 feet) above mean sea level.

The most outstanding recent floods in the Aguadilla area for which
stream gaging station records exceeded 850 cms {30,000 cfs) were those which occurred
during October 1972, May 1980, October 1981, May 1985, May 1986 and August 1988.
There are twenty-three other large floods in the Rio Culebrinas for which recards at the
stream gaging station exceeded 566 cms (20,000 cfs).

11



3.  otentiar oods. Itis estimatec that the 100-year flood would i jate
over 1,500 acres of lanc below highway 115. The 130-year fiood would cause severe
flooding along the southem portions of the town of Aguadilla and inside most of the
Espinar and Tablonal in Aguada. Flooding would occur along some large port s of
Highway 2, Highway 115, Highway 111, Highway 418 and Highway 442 as we. as
flooding a large portion of the agricultural lands and industrial and commercial areas ir
the lower flood plain (refer to Figure 3).

4. 2 ea. As recorded by flood records presented by the i! S.
Geologicai Survey Floods i Ag iadilla Area, Puerto Rico, Hydrologic Investigations, . .das
HA-457, 1972, the even of November 27, 1968 covered the southern jortions of the
town of Aguadilla and the northeast portions of Espinar in Aguada with up to two meters
of floodwaters.

At the tor = of Aguadilla, where the average ground elevation is
approximately 2.5 meters above mean sea level, the computed 100-year flood will
produce an average maximum stage of 4.3 meters (14.1 feet) above mean sea level and
the computed 500-year flood will produce an average maximum stage of 5.0 meters
(16.4 feet) above mean sea level. Both floods will cover over 5.9 square kilometers
(1,500 acres) of land below Highway 115 of which approximately 1.0 square kilometers
(247 acres) have urban development (refer to Figure 3).

5. Flood damage. Under existing conditions, the floodable area is
affected by two sources, Rio Culebrinas and Cafo Madre Vieja. The main source of
residual flooding for with project condition will come from interior drainage. The inventory
of the urban property subject to damage by the SPF flood from Rio Culebrinas and Cafio

adre Vieja included some 797 housing units, 96 commercial establishments, 49 public
b iildings and utilities, and 7 nonprofit establishments. Table 2 summarizes the number of
structures subject to flooding for selected frequencies at Aguadilla and Espinar.
Appendix E, Economic Analysis, provides a detailed description of affected property.

The 100-year flood would produce damage of $12.2 miltion, while the
Standard Project Flood (SPF) would produce damage reaching $19.2 million. Expected
average annual damage is estimated to be $1,157,500. Table 3 shows damage
estimates for existing conditions by flood frequencies and land use categories.

6. Hurricane tides. Historically, the detailed study area has never been
extensively flooded by hurmicane or storm tides hecause of its location retative to the
direction of winds and historical storm tracks. According to the report 3twm Tic's
F-equen~ Analysis fc - 2 Coast of Puerto Rico, prepared by NOAA on Augu.. 137 . the
200-year, 00-year and 25-year storms will produce an average maximum tide of 2.7
meters (9.0 feet), 1.6 meters (5.3 feet), 0.8 meters (2.5 feet), respectively, above mean
sea level.

12
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MHe: 7\ . . tion occurs e Ty year . SIC. -
~ ~ts and sc v to icg’ ~torms. Over ~ yee's SO >a w0 Me
suhe' U ''eachs wamo. | entsc. ©  sand bais some argas: | caELsi govere
coaste erosion in other areas.

1127, & ver rare ts .. Céise v ane: ./ eane g
estmz eda /¢ 8 " Richter's Scale. de~*~ ~d an wud-"san 'oC s e

-r

coas'. areas. | e earthquake and resulting tsunami caused seve . deatisof a
re nts.

B. ‘W. _r Supply

There are significant water resources potential in the Rio Culebrinas
watershed. There are seven potential water supply reservoir sites w n the * o
Culebrinas Basin (refer to Figure 2). The Puerto Rico Agueduct and Sewer .t or y
(PRASA), is taking up to 17 millions gallons per day from an intake structure located jus:
upstream from the Highway 2 bridge.

C. Water Quality

According to U §. Geological Survey, the water fror Rio Culebrinas is of
good quality and suitable for most purposes. Analyses of water samples collected at the
Moca water quality station in May 1990 indicate that high concentrations of zinc and iron
may be the most serious water quality problem. On the other hand, water quality recerds
on groundwater are not available.

D. Erosion and Sedimentation

The central mountains of Puerto Rico are co orised of jneous and
sedimentary rocks. The intensive processes of chemical weathering, ~hich characterizes
the humic ~ opical climate, have produced mederate and deep so profiles, which might
fail during a prolonged period of rainfall. The steep portions of Rio Culebrinas basin are
mostly undevelooed and are covered by a thick rain forest. There is no evidence of
problems related o debris flows reaching Highway 2 during past floods. At flood stage,
the Rio C- ebrinas carries normal amounts of sediments, which are deposited ziong the
lower flood plain and in the Mona Passage.

E. LandUse
The topographic restrictions of the region would eve "_a vy limit the grc  'h
¢’ _tc.n of Agu: " |z ¢1d the Espi . com ity. The Rio Cu . ras and ¢ »
ad - ‘ieja flood ple - 11e Aguadilla Bay, a . steep slopes are )hysic™ 5 riers tiz

vou 1 everitually limit t. 2 growth of the area. There is sufficient fiood free land for future
uban developm.  hin the study area.
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F. ;ardous and Toxic 'astes

An . I HTR “assess .or .3col woed’ . 7 385 a dupl

~ 17099 The assess™ | -~ ~vestige icm o o wr o a7

© U3 acts in 1 2 oroject area, .. " of available lit. . . anoc ocL mer’'s, d
¢ te recoi  issance. he predom na, 1 se is agnet 3l ¢ J0S8es i 0
P TF - . -~ si~is of potenti- =77 orol :ms were tdentifie ana - 7 s
Yo' :ntial for contamiae fion with HTF. "y sre Tou .d. During the developme " f s
¢ enecifications or ¢ 1, ! project cons -uction, tl e develop~e 2f a response »~ i~
dealing ~1any ‘"7 "¢ counterec is the exclusive respo ._bil” of .. loce’ snO sOrs

as statew ir ER ~ U5-2-132 'Water lesources Policies and ; ithorities T 2 /7 w4 ce
for Civil Wo «s Projects’, dated June " ™72,

G. Flooc Plain Development

Executive Order 11988 ties together the need to protect humar | .« ¢ ~d
property with the need to restore and preserve all natural and beneficiei -oc | lain
values. The objective of the executive order is to avoid to the extent possible t < iong
anc short-term adverse impacts associated with the occupancy and mocification ¢ ‘“ood
plains and o avoid direct and indirect support of development wherever there is a
practicable alternative. The test of what is a practicable alternative depends upon e
situation and inctudes consideration of many pertinent factors such as environment, cos',
design, and construction technology.

The order is based in part on the National Environmental Policy Act "NEPA)
of 1969, and it adds new prominence to the environmental aspects of floc .
management. Consideratior must be given, therefore, to natural and beneficic loo ;| n
values and to the public benefits to be derived from their -estoration or eserva on.
Section 2(a)(2) of the order reguires {nat il an agency has determined to, or Jroposes 0,
conduct, support, or allow an acticn to be located in a flood plain, the agency shalk:

1. Consider afl practical alternatives to avoid effects and incompatible
development in the flood plains.

2. Design or modify its action in order to minimize potential har . or
within the flood plain.

3. Prepare and circulate a notice containing an explanation of w' ' 1e
action Is proposed to be located in ..e flood plain.

All flood control alternatives considered and evaluated during this study
have been carefully formu'ated to ottain the most practical and feasible alternaiive i~
accordance with the flood plain preservation requirements dictated by Executive Order
11988. The proposed project minimizes impacts to flood plain values and does not
promote development of land in the flood plain.
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Prime and Unigue -armlands

The Farmiand Protection Poi iy Act, i Jlemente © d. ~_ arment of

Ac¢ o lture's f ceffect € .agust 984 re~ sthe  LACE > coorc ater hoz

Tail T oiserve 100 Service fo o entificeic ¢ - ne. dunique . nle ' Tatoe

yactec »n he oposedr oect ltis '+ «SACE discretio ocee itha . ect

=~ wor d oo conversion of farmland fo nonagricul ral uses once  ~ | otential

racts of the prc posed action have beer examined and alter.. ‘ives to ‘essen the
ac r¢ 'se effects ha : been considered. >~ le - 50 req Ch the moa b

compe 2 with sta - and local programs ‘or the protect on of farmlands.

All alternatives considered and evaluated during this study have been
formulated in accordance with the prime and unigue farmlands preservation requirements
of the Farmland Protection Policy Act. The proposed project levees and pilot channel will
not impact any areas designated as prime and uaigue farmlands.

| Coastal Barrier Resources

The Coastal Barrier Resources Act (CBRA), Public Law 97-348 (96 Stat.
1653; 16 U.S.C. 3501 et seq.), enacted October 18, 1982, designated various
undeveloped coastal barrier islands, depicted by specific maps, for inclusion -~ 2
Coastal Barrier Resources System (CBRS). Areas so designated were made ineligi 3
for direct or indirect Federal financial assistance that might support development,
including flooa it ance, except for emergency life-saving activ ies. The Coastal
Barrier Improvemen Act of 1980 (CB . 2.L. 101-591; 104 Stat. 293 . i :ludec | e
System additional areas along the G =zai _akes, Puerto Rico, the Florida Keys, the
Virgin islands, and secondary barriers withi 1arge embayments.

The L =veloped sand berm and mangrove wetlands between the mouth of
Rio Culebrinas an | Cafio Madre Vieja encorhoass CBRS unit PR-75 (See Figure 4). The
r't extends for approximately 1 kilometer along the coast northwest of Espir- rin tt
nicipality of Aguada. However, long before CBRA was enacted, the northeast ieach
enc of PR-75 was s ' “ected to significant shoreline manipulation and < abilization by the
construction of . 0 rock jetties, construction of recreation facilities, par 1g facilities, and
the construction and maintenance of a man-made Cafio Madre Vieja outlet channel.
>refore, tThe northeast beach end of PR-75 had experienced significant developmer
the t ~ it was included in the CBRS.

Recen |, a 28 acres multifamily housing development presently nai
_osta ¢a Marfil” is proposed withi~ CBRS unit PR-75. The proposed private hous’
development ~ consist of 240 apartments, . xury villas, rec-zation facilitiee, ar
parking facilities. The developers of the housing project have proposed to donate for
permanent conservation about 12 acres of adjacent wetlands within PR-75 to DNER.

18
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CBRS u : PR-75P is located bet.:2en the existinn a . e ¢’ mot ™ of

b.ooac e VL {See Cigure 4). Most of  ?-1UP s n g - Coo~ e nrge
iec ~ et e Lyl ezveral arcial anc rec - onal - Jc ures, ., ac e,
ions of PR-. _.? consist of wetlar 's along i=e old Cafo Madre Vieja ct el.
scommended project | 1s been carefi 7 . datedto c o

the ost actic., feasi le, and envirc el « ' ~cem adle o rei altemet
avc ding a impac s to the CBRS.

J. C. r  esources

Cultural resoues investigations and consultation with the Fuerto Rico
State Historic Preservation Officer (SHPQO) are in compliance with the Nationat Historic
Preservation Act of 1966 as amended (16U.S.C 470 et seq.), the Archeological and
Historic Preservation Act of 1974 (16U.S.C. 469-469c) and 36 CFR P: 800. For those
historic properties that will be adversely affected, mitigation plans will be developec
consultation with the SHPO. The USACE will  lement the mitigation plans orio ¢ vy
ground disturbing activities being initiated.  fc mation coliected during from cultural
resources investigations will be reported in technical and popular reports.

K. Aesthetic Resources

The existing aesthetic resources of the Rio Culebrinas area inc.ude a
scrubby-edged, sandy riverbed where the watercourse is usually a shallow constant
water flow. Long-range views are afforded toward the low mountains. Along the . Han
siretch of the river, mature trees and underbrush enclose the river el 1d wood ¢
houses. Accumulatec irash can be found in some portions of the flood plain.

The levee will provide some high relief (2.5 meters)to tt » ~stoftov  and
will obscure views of the flood plain. The view of the hills further {o t 1e west will no be
obscured and views from the top of the levee /i ..crease . . sight distance towards
them. Grassing on the levee will assist in helping  blend well along its length.

AW MNFa C _E
A.  General

Plan formulatior. involve . e identificatio an: =is, ar  evi u~ »w o
va ous iood cor -~ management plans t it ac ressed sever:. sanning objectives
' a set of constrairis, assumptions, ¢ .. criteria. This repor. alyzes flood 2¢  ©
alteri.atives to st e the floou g problern e o~y ~ western 2dge  hetown o \guad 1
a d he commun y of Espinar in Aguada, ana investigates various non-structural snd
structural alternatives.
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B. Plam.. Dbjectives

T analysis stud’ ¢ea's, '’ ms, needs ¢ . U sre n,

oy v o o dlar . = adreoe cesresu . he dentificati . oorta v -
3 s, D ¢ osu ' ortance is ! - solt - of the floodi _ ¢ - is
.. 1ad’le . guadaa d oweatensthe U . :anc oroperties  tsre T ts. . .o ¢ cific

« actives dentified . (iss  yare:
1. Safeguard ihe lives of ¢ _sidents in the flood nla

2. Reduce sropersy losses in the town of Aguad © .~ :comn...  Of
Espinar due to flooding.

3. Minimize impact on valuable natural flood plain and environmental
-aspurces wit  ~ the detailed study area.

4. . .ance opportunities for redevelopment throughout the study area.

5. Protect, preserve, or minimize impacts on significant historical and
L+ 2sources of the detailed study area.

C. Planning Constraints

The planning constraints th. ° . or influence the type of measures that
viere considered include:

1. The scope of the study is limited to the flood prone areas ° the
western edge of the town of Aguadilla and the community of Espinar ¢ Aguada.

2. Physical constraints relater: to the proximity of the urban development
to the river main channel,

3. Cafio Madre Vieja Floodway encroachment / levees thz: may
increase flood stages in the Rio Culebrinas flood plain.

4. The need to construct long Highway ramps over high levees may
require highway relocation or changes in levee alignment to obtain more space.

5. 7 needtoavoid 0. ...n.mn.ze .npacts toc environm_ital and «  .al
rescoces tnatcol e foura i e project area.

D.  Planning Assumptions and Criteria

Several engineering and economic assumptions and criteria  sirere
established to guide the plan formulation and evaluation process.

21



1. e oe3MiNg
a. Each alternative must be complete  tsell.

b. High discharges, high velocities, and sho © & »eak | e
at degree of protect o anc ype of design minimize potenti. for catas >phic res
¢ uld project works

c. Tr» des >od is to be based on . e e T S
hydrologic conditions.

d. Each alternative should minimize residual flooding and damage.

e. A pilot channe! was considered for Cafio Madre Vieja, were the
proposed levee cutoff the existing channel.

f. Earthen levees were designed to have an alignment, v ich
would minimize floodway encroachment, minimize real estate reguirements ' le
affording sufficient area for drainage channels and internal storage of local runoff in order
to eliminate the need for pumping stations.

2. Economic and financial

a. Each alternative must be justified in ifself and each separate
element of an altermative must be incrementally justified.

b. For purpose of optimization of net National Zcc mic
Development (NED) benefits not only are different alternatives examined, u -
alteratives are examined for different degree of protection.

c. Total beneficial contributions of each alternatir =2 considered m
exceed the total adverse impacts, and one of the alternatives —must maximize net NED
benefits.

d. The study year is taken as 2002, the base year as 2008,a -~ -~
end of the planning period as the year 2052.

"ithout Project Conditions

The without proiect conditions scenario would be equivzlentt¢  no action
a « ., iche. .sions 1o flood control project vwithin the study area. Pote. "1l loo
hazara o he life, health, ¢ v property of detailed study area residen 5 v~ -
together with the need for additional water supaly as the most critice water-related
croblems.
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Peric. ¢« wrup - roductive economic activities  ~ 0 ¢ ~ g

e doo eu s S zea v 0, pair T oer economic Cavelopr. T ey ste
v siitie o ~fr~ac - and the co waity of Esprar. Reloes ~ 0 %
= U ties - the ¢ seems . .. kely hecause r. . e else are sii - cations and

¢ Jglomeration economies available.

te ma~ufac  .g and tourism industries are . xpecte | © re .ain as the
st © potar: £~ ~es of incc e and emplc ment for voth ~ 1icoa es. Tt
Ccreasec . _ ti .. ¢ the exc_ 2nt airports and arbors facilities, o ' tion of e

~rth west aa s ct, and the continued growth of the service and cc »struc or: sector will
- s0 make a significant contribution to future economic development.

The without-project condition serves as a benchmark fo assess and
evaluate the candidate flood-control alternatives.

o T
A, identification of Relevant Measures

Four nonstructural and four structural measures were identified to fully or
partic b address the planning objectives previously identified. The non-structural
meast res considered are flood plain management, flood insurance, temporary and
permaneint flood plain evacuation, and channel maintenance. The structural measures
considered included flood proofing, multipurpose reservoirs, channel improvements, and
levees and/or floodwalls. All measures considered are described below:

1. Nonstructural measures.

a. Flood plain manacement. The most important and relevant

* ~nstructura measure that the government of Puerto Rico has to manage development

e study area's flood-prone areas is the Puerto Rico Planning Board Regl ‘ation 13.

is regulation, hich predates FEMA flood plain regulations ¢ d whick in UB7 as

revised to make consistent with FEMA, regulates all new developments and expansion
of, or ‘mprovements to, existing developments in flood-prone areas.

To receive a consfruction pen. . . a flood-prone area a developer

n. :t establish through a detailed hydrologi~ ar  1ydraulic study that his project is above

00-year flocd evert or thet it will no ncrease flood stages b, * rore than 0.3 meters.

)} ng the past years ihe PRPE have deried se eral permits for .» developments in

e owudy area's flooc plain because they do not comply wi*" ‘oot plain management

regulations. Flood -~  management regulations are assumec to be in effect under all

plans. This measi* 2 will have very ir “ed effect in reducing notential flood damage ‘o
e sting developme
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b, F o~ ng' v e ogram. Tre - | Fooc s nc

xgre - M FIP) - ez o he ‘ecral T'ooc nT ot s isuEel D Tk
hich is pe¢ . of FE A. 7 _ Puerto Rico Plari . Board (P B serves as . loce
coo 1t 1g agency for the =lood Insurance -o¢am in 2t~ ¢ <ico. " :r'o Rico
enterec e Emzqgent T ' ..s ance Proga (EFIPY v €72 _xd e o the
Rec a = urance Pro~ n 1978. Puert “icoiscont ¢ - single ¢ nity

c he "
Flood insurance woulc not re ~ 2 or el “te the fic _ problem

but i would serve to reimburse property owners for fiood losses .nc. ..d. e measure,
t owever, seems to have been of very limited acceptance in Puerio Rico -~r despite
rzquent anc significant flood damage, less than ten percent of 1.2 families living ... .he
flood plain have acquired the insurance. However, during :cent years financial
institutions have required flood insurance as a condition for mortgage approval for
structures located below the 100-year base flood elevation. For o  _tures without
mortgages, flood insurance is voluntary. However, flood insurance protection it is
expected to be in effect under all plans considered.

c. Tennpo ary and permanernt flood plain »n zta s Temporary
evacuation of persons and personal property from ..00d-prone areas could be
accomplished when a flood threat exists. Temporary evacuation can de very effective
when operated in conjunction with reliable flood warning system and where movable,
damageable objects are concermed. However, at the preseni time there is no flood
warning system in operation for the Rio Culebrinas basin. The complicated orocess could
save many lives, but leaves no time and no additional resources for taking any measures
to protect and save personal property.

Permanent evacuation of the flood plain areas could be used to
reduce floo¢ damage potential. Such a measure involves land purchase, removal of
buildings and infrastructure, and refocation of population. Lands acquired . his manner
could be used for parks or other purposes that would not interfere with flood flows or
receive material damage from floods. The permanent relocation of =  dreds of concrete
housing units, and hundreds of commercial establishments in a highly urbanized area is
to a large extent impractical and would have very little acceptance. Therefore, permanent
evacuation is not considered any further.

d. Stream cleanup program. This measure primari. consists of
removal of trash, debris, anc sediments from the existing stream channe' Experience
wi ~ cleant p programs in other rivers suggest that such works have the effect of restc. ng
en.’ | capacity of the r. _rs. The cleanup programs have prov »r be effective
2\ a he effects of sma neriodic flooding; however, they do nc:contri= e to solve
e 00d 1g associated with intermediate and large floods. These floods are a continuous
me... . the study area. Stream cleanup should be a recurring ac

24



2. Structur: ' .1easures

a. oot wocina. Fleo  ~ g is acstcar ~henge or

i s v e gicoal rooc s3toisearo o onvith e o0 L ore T
- facts R e oo oroofing te iC L5t N - R |
. ce dama , '3ss o . ccess, i9ss of business, poss T c” n i
~ ~ng, 21 enti  danger to public health and s.'.. . T 5 ogifToutt to

_me ona large number of structures anc therefore isnotcons enr ¢~ # rher.

b. It 'roose e Tk construction ¢, a = p se
rese. oir could reduce soc¢ evels b, holding back peak flows - c¢ovme~~a ‘~od
plai~ conditions permit a controlled release of stored floodwaters. “he' an also be
effectih = © uifilling other water resot —3es nzeds such as water supply ~1d recreation.

evicus USACE studies identified several potential reservoir sites in tne ~~ “er Rio
C. ~brinas. None of the reservoir sites iderti ed, as shown on Figure 2, wo 1, ave
significant flood reduction in the lower flood pla 1.

¢. Chan 2l improvements. Channel improvements for Rio
Culebrinas along a straight aignment trom Highway 2 towards the ocean would provide
effective ficod control to the entire lower flood plain. Any type of charne: improve it
would require an improved outlet and some type of velocity-contro' =asures and
char el revetment. An improved outlet to the ocean would require revetments to stabilize
it al  perhaps also jetties to protect it from coastal sand movements.

d. Levees -~ { floodwalls. These measures preclude “ioodwaters
from entering damage-susceptioie areas. They are considerec in detaii because o e
p. /sical and natural conditions of the area, and also because they appear to be the most
~ ~cticabl~ acceptable, and efficient flood contral measure for *ne detailed study area.
—evees and sodwalls could provide considerable flood protection to the detailed study
area. ~ e physical conditions of the detailed study area are; the urban development is
locate to just one side of ihe flood piain, for most reaches there is sufficient available
open space between the river and the urban area to accommodate the levee, and levee
construction materials are readily available in the area. A ring levee arounc the
community of Espinar and a levee between Cafio Madre Vigja and the town of Aguac lla,
investigated during the reconnaissance studv. will require minimal channe! reloca .3
and minimal structure acquisitions and utilities relocations.

B. Description and Evaluation of Preliminary Plans

As described during <he o fication of relevar .neasures t.o¢  ol=,
fo - considerec sever™! -t ¢ an structural measures. st oo~
mea. ‘es examined, except permaner : Tood plain evacuation, are expected to be
effect  der al' plans considered. Because of difficult implementation, flood proofing |
sirJctures was eiiminated from consideration.
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The relativei s ~  size of all e potentizi res< /oir sites 1 the ko
C b ™ .. cFgre2 o' ave .. ffectonrte ¢ ‘-0.s53ages
37 ¥ Hou ~d osirsost ould rover$5 0 llion. T O fore the., . se
reservoir ¢ . ative was not considered any further.

\»fidening and deepening the preser . Nio C 1as channel 1w . o
realignmert actice *, nroughout the 'ower flood pla’ . could prede  ooc ¢ o} e
er =z coas floou plain.  The substartial ch- v yrovemer s required . Rio
C '_brinas, ir. order to contro. najor floods, cou 1 adverse ;  act estre- akb  of
the « rive shri and the natur.  ater floo = o the adjace testiz + . 7. ..
Since 1€ cost o - required channe \ ork would be over $30.0 miflio * + ~his 3>~ 0
the funding limitation of the Continuing . wthority Program, negative net benefits, adver.
~pact to environmental and cultural resources in the flood plair. L : channe

improvement altemative was not considered any further.

L evees could provide low cost and effective flood protection to the town of
Aguadillz and the community of Espinar. Therefore, flood control levee alternatives are
considered the only practicable, acceptable, and efficient flood control measure for the
Rio Culebrinas lower flood plain. Three alternative levee alignments were developed ir*o
two preliminary plans, a short levee alignment and a twin levee alignment. The most cost
effective and environmentally acceptable alignment identified during the preliminary plan
formulation process would be examined in detai during the final plan formulation process.
1. Prel'minirv P'an “. This alternative would consist of a single short
le ree from Hir ay 2 .0 the _sp rar community. The levee would prevent flood froin Rio
C ebrine o enter and flood the Cano wiadre Vieja flood plain irefer to Figure 5). This
alternati. . would protect the entire lower Cafo Madre Vieja flood plain and the urban
area of Ac 'adilla and Espinar against the 100-year fioods from Ric Culebrinas.

The average levee height would be approximate! _ meters above natural
ground. Tre iotal length of the levee would be approximately . kilometers. Trainage
canais would be provided at locations were natural overiand runoff would be dis  ted by
“1e levee. The c¢rainage canals would coilect and direct storm water runoff intc “afo
' adre Vieja and Rio Culebrinas without the need for providing drainage struct —3s
tr ough the levee. The drainage canals would be of trapezoidal cross section with

- »ter of depth, 7+ meter of bottom width, and 1V on 3H side slopes. The total length of
drainage canals would be approximately 1,600 meters.

The existing Cafio ' ladre Vieja channel would be utilized mainly _r loca
drainage. Normal daily flow to Cafio Madre Vieja frc  upstre: m of Highwe, 2 wo ¢ ve
maintained as under existing conditions throug existing culverts placed - “er
~lighway 2. Confinued use of these culverts ~  aintain the existing normi | es™
flo « fror areas upstream of Highway 2 to mangroves located near the Cafo . idre Vigja
o tlet. = e maximum flo* rough these culverts under the diffe antial head caused by a
.« e. “oodconditions would be 27.1 cubic meters per secong (357 cfs).
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is a .. native o Id reqL re the construction of inree ro- ~imps -

levee crosses _ 7ys 4 8, o, a4 o e aitern e dnot o vl
re. acem ‘ofhig .. " des ""si 2- - et oth o initio oF U e
of -~ zices - = 00C at Tablc., ¢« T, .0 . s . cCres o K
easeme s, duc oanincrease © ‘iodste _-~st tt2 oodwey ighviay « o .
-ighway 2.

The estimated cost of this aiiernative is $8.0 m , of which $5.5 million

are ¢ -buted to real estate cost due to an increase in ~)od stages. Since th. za. esiate
cost of t 2 short levee alternative would be very high, and there wo - oe adverse i pact
to residents of Tablonal community, the short levee alternative was not considerec any
‘urther.

2. Prelimin= Plan 2. This altemative would consist of { . "2vees, one
protecting the urban area of southwest Aguadilla and the other protecting the comrmunity
of Espinar (refer to Figure 6). The twin levee alternative would protect these two areas
against the 100-year flood.

The average height of both levees is approximately 3.2 meters above
natural ground. The total length of both levees would be approximately 3.3 kilometers.
Drainage canals and drainage structures would be provided at locations were natural
overland runoff was disrupted by the levees. The drainage canals would collect and
direct storm water through the levee into Cafic Madre Vieja by drainage structures
consisting of 72 inch corrugated metal culverts with flap gates. The drainage canals
would be of trapezoidal cross section with 1 meter of depth, 1 meter of bottom width, and
1V on 3H side slopes. The total length of drainage canals would be 3,100 meters. The
vacant :ands behind the levees would provide temporary storage for the 25-year storm
water during high tail water caused by flood from Rio Culebrinas.

A Cafio Madre Vieja pilot channel would be required to accommodate the
levee along the edge of the urban area without the acquisition of any existing structures.
The pilot char~el would be of trapezoidal cross section with 4 meters of depth,
43.2 meters width, and 1V on 3.5H side slopes. All unsuitable excavated material from
the channel would be used as topsoil on the levees. The total length of the pilot channel
would be approximately 60 meters.

This alternative would require the construction of three road ramps were the
levee crosses Highways 418, 115 and 442. This alternative wouic not require t e
replacement of any bridges. This alternative would not reguire the acquisitio: ¢
structures. The preliminary cost of this plan is $4.1 millions, net benefits of approxima '
$300,000, and a benefit to cost ratio of 2.0.
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=, General.
Jased -1 e res ts of the pre rrplas tevee
altemative is © _ 2 .,  aclice , acceptable, anc feasible "ocod ¢ = er B
warranis 1o be examinec etai: as part of the fi ans.
To facilitate the identification and description ¢ e fini. ‘ans ¢ ~ the
;¢ mended plan, the tvin levee alternative was dividec * two seclier~ ~ g a

"_zvee and the Zspinar Levee.
B. Description of Final Plans.

1. Plan 1. This altemative plan combines 3.3 kilometers of levees, a
smai’ pilot channel, three road ramps, and interior drainage facilities protecting the
southwestern section of the town of Aguadiilla and the community of Espir .~ Aguada,
against the 50-Year flood from Rio Culebrinas. The general right-of-way aiignment and
features of plan 1 are similar to the recommended plan and are shown in Figure 8.

The Aguadilla Levee would begin at high ground near Highway 2 and
extend towards the north for approximately 1.8 kilometers to end at high ground near
Yumet Avenue. A 4 meters deep and 43.2 meters wide Cafic Madre Vigja cutoff
channel would be constructed at Cafo Madre Vieja to reconnect a streai» e. Jerto
be obstructed by construction of the Aguadilla Levee. The Espinar ievee would begin
at high ground on the southern end of the Espinar Cemmunity and extend to the east
and then to the north for approximately 1.5 kilometers to end at an existirg rock jetty
just south of the existing mouth of Cafic Madre Vieja. Both levees would have an
average height of 1 meter, 1 on 2.5 side slopes, and a levee crest of 3 meters. The
interior drainage facilities would consist of a 1 meter deep and 7 meters wide drainage
channel along the protected side of eac’. .evee. One two-way drainage structure would
be constructed near the north end of the Espinar lLevee and three one-way drainage
structures would be constructed along the Aguadilia Levee. Drainage structure outlets
would be connected to Cafio Madre Vieja.

2. Pii 2. This plan considers the same project features as described for
Plan 1, but it provides a 100-year level of protection levee. The proposed 100-year levee
would have an average height above ground of approximately 2.5 meters, 1 on 2.5 side
slopes, and a levee crest of 3 meters. The general right-of-way alignment and fe.  es of
plan 1 are the same as those of the recommended plan and are shown in Figure 8.

3. P 2 This plan considers the similar Aguadilla Levee features as
describec or Plan 1 anc Plan 2, but it provides protection for the Standard Project Flooc
(SPF). . e proposed SPF Espina Levee alignment would be much .onger than the
levee alignment considered for Plan  and Plan 2.
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“he SPF levee alict  ~  ould begin -t ¢

Culc. s Jexter "3 :s0 73, .0 he east and the o : 1 .. Jupa *t
cC rof =s ir~" “orapproximi: te L. cilometerstoe s s¢ bk theexi T
Mo 0. .7y adre Vigja, Th2 ool 0 7T T levee we Y T @y e 8ic

-~ w2rit doiapprox ~e /20 .netee ¢ o 25 side slopes, .. .4 ¢ .evee _est of
3meters. T genersi: _Tme a - 300 isplanareshe 1o B orre v

C. Analysis of Final Plans

1. Ge . 2 purpose of this analysis is to arive at a recommended

‘an on the basis o1 he contributions of the final plans to the plai  ~g objectives and the

. ade-offs among the alternative pians. Table 4 is a summary of the _enefits and costs as
well as environmental and social impacts for each final plan.

2. Plan 1. This alternative would eliminate the frequent flooding problem
in the detailed study area. The construction of a 50-Year levee, interior drainage facilities,
and pilot channel would take approximately 38 acres of lands and would require
approximately 95,000 cubic yards of fill of which approximately 32,000 cubic yards would
come from the pilot and drainage channels and the rest from the commercial borrow site
at Tablonal Quarry. This alternative would provide flood protectior. ‘or approximately
247 acres of urban area. The recommended plan would not provide flood protectio to
vacant lands in the flood plain. There would be temporary adverse impacts on air ¢ ity,
water quality, and aquatic life from clearing, excavating and compacting materials during
the construction of levees and channels. No net loss of wetlands is expected and no
siznificant culture! resources sites will be impacted by the recommended project.

3. - 2. 7 's plar would have the same features and impacts as
Plan 1, except that the floog protection afforded would be greater, and temporary and
permanent impacts would be similar because of the similar levee footprint.

4. Plan 3. This plan would have the same features and ‘mpacts as
Plan 1, except tha. the ..0o¢ protection afforded would be greater, and temporary and
yermanent impacts would be s llar because of the similar levee footprint.

5. No Action. The no-action plz . supposes cont’” .d suffering of many
sty area residents. A "no-acticn” plar v ou J4 require acceptarce of approx: ately
+ 230,680 in average annual damage to existing properties. Ti:'s wo. d not be acceptable
i¢ the residents of Aguadille ar? Aguada. The "no-action' .an would result in a nhysical
dete *° atio  of the detailec stuc ; area and would seriously ¢ x 2rmine its potential for
- =2 econon o development. [nhabitants ¢ © the area would continue to suffer ¢ acial
angd eco '~ Mic st 2sses associated with frec tent flooding. Continucus governme  relief
wauld be necessary to help the victims of the frequent flooding in the area.
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. Optimization of NED Benefits

s sho ~ ., Table 4 the plan maximizing the net = =L se =fits s P 2,
which provides 100 e - - otectio . This ule ~ 's selected as -~ rer ~ nded )la
cr oy . oeeot .. s Tarstructural slans offering different levels _. [ 3oz nrotectio
the no-a ior an.

4. Description of Proposed Improvements

1. General. The recommended plan combines 3.3 kilometers of levees, a
sme oilot channe ' three road ramps, and interior drainage facilities protectirg the
southwestern section of the town of Aguadilla and the community of Espinar, ii. Aguada,
against the 100-Year flood from Rio Culebrinas. The recommended pfan is t1e National

Econoi.© Development (NED) plan.

The Aguadilla Levee would begin at high ground near Highway 2 and
extend towards the north for approximately 1.8 kilometers to end at high ground near
Yumet Avenue. A 4 meters deep -+ 43.2 meters wide Cafio Madre Vieja cutoff
channe! would be constructed at Cafio adre Vieja to reconnect a stream meander to
be obstructed by construction of the Aguadilla Levee. The Espinar levee would begin
at high ground on the southern end of the Espinar Community and extend to the east
and then to the north for approximately 1.5 kilometers to end at an existing rock jetty
just south of the existing mouth of Cafic Madre Vieja. Both levees would have a:
average height of 2.5 meters, 1 on 2.5 side slopes, and a levee crest of 3 meters. 7 e
interior drainage facilittes would consist of a 1 meter deep and 7 meters wide drainage
channel along the protected side of each levee. One two-way drainage structure would
be constructed near the north end of the Espinar Levee and three one-way drainage
st ctures would be constructed along the Aguadilla Levee. Drainage structure outlets
would be connected to Cafio Madre Vieja. Drainage channels would reconnect cutoff
sections of Cano Madre Vieja and would provide 8.6 acres of additional open water.

The recommended plan would substantially reduce the flooding problem in
the detailed study area. The construction of a 100-Year levee, interior drainage facilities,
ard pilot channel would take approximately 19.6 acres of lands and would require
approximately 110,000 cubic yards of fill of which approximately 32,000 cubic yards
wo.  come from the pilot and drainage char els and the rest fro the comie sial
" - ow site at Tablonal Quarry. The plan would provide flood protection for approxim.’ _ly
=~ acres of urban area. The recommended plan would not provide flood protectio .,
vacant :ands in the flood plain. There would be temporary adverse impacts on air - 12,

ater quality, and aquatic life from clearing, excavating and compacting materials ¢ in
he construction of iavees arc channeis. No net loss of wetlands is expected a ~
significant cuitural resources sites will be impacted by the recommended project.

“
)
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b. Cc-su oy =t .o Exee woonfrom e’ :eas . e
o ns iction of levees wou a pe accomplished by ~ lIdozer, frc ~~n¢ oac -, ~r ot er
si nila tynes of equipment. Excess material ar.c material ur. " ' le lor construction

wouic be nauied 0 the nearby disposa! area.

c. Real est- e~ aments. [t is estimated that ri.’ -of-way for
con. ~tion of the levees, drainage ¢! arnels, and pilot chanre! wiou 7 1< 42.3 acres
o1 jyermaner easements, and vorrov and dispos.’ ¢ reas would re 2 approximately
6.3 acres of temporary easeme¢ ts.

d. Operaticr ~~* 1zintenance.  The 0o = _.onsor wou . be
respor.. ble for maintenance o e proposed projec - jon completic  of the consir ction
rontract. 2 cortracto  auld be responsible fore™. % lenance ¢ e construction
co . 7 e a ual operations and maintenance . fiood c. ol feslures was

es ai=d at $15,000 a year.

B. Economics of Recommended Plan

1. General. © tangible econor ~ stification of the recommended pl.
was detel n' 1ed by comparing the average annuz. charges w 1 the estimate ' average
a -~ - rale benefits anticipate ' to accrue over the 50-year sconomic e of the

project. . .discou. | terestrate of 6 ' ercent was used to discour® cost anc henefits.

2. Cost esti- ate. Construction cost estimates for flooc contro. . the
proposet  improve mnents, show K« lantities and prices costs, are p 28e ~7 in

Te leC- |, npper (C. Ts fes of reicosts ez oased Tl - _Tlt ice .evel
. _. . ctior weriod 0o 3 e~ s, rable 5 s merize ~och e Lo cos o
e cost for eacalevee segme .. " Jorthe 7.2 oroject

3. Benefils. Tzw " ' benefits to be derived as a resuli of © -
e~ gHo s o he recon nde. e resr from L € tio re ot C. fts,
w00t znefits, - "0~ '8 ance vost saver . T dxare ez fo ~ egt

. sv stake~ iobe 20 .
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TABLE S

RIO CULEBRINAS AT AGUADILLA AND AGUADA

DETAILED PROJECT REPORT

COSTS ESTIMATES OF RECOMMENDED PLAN

($1,000 of October 2001)

ESPINAR  AGUADILLA C~RE
LEVEE | LEVEE PRO ECT

h Roads Relocations o 82.0 | 177.0 259.0

utilities Relocations 0.0 39.0 39.0

Levees and Floodwalls 546.0 600.0 1,146.0

Channels and Canals 30.0 61.0 81.0

” Drainage Structures 121.0 776.0 897.0
TOTAL CONSTRUCTION COST 779.0 | 1,653.0 243_20__

Real Estate 814.0 798.0 1,672.0

P.L. 91-646 0.0 0.0 G.0

ultural Resources Studies 250 0.0 250

Cultural Resources Preservation 40.0 0.0 40.0

Planning, Engineering, & Design 63.0 132.0 195.0

Construction Management 78.0 166.0 2440

L
TOTAL FIRST COSTS 1,799.0 2,749.0 4,548.0

NOTES: Figures include appropriate contingency costs.
Detailed Cost estimates are shown in Appendix C.
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4. In~ ~~ Al Justificatio of Compor  °s. As shown on Table 6, net

" _ be ° were also computed for >th :vee segments tha m. e  tr»

-~ nomr” 4 n. The ar. rsis of e two lever segments reveale h:: ¢ levse
segments if analyzed individue ly a 2 increme te fustified.

C. Summary of Impacts

The recommended plan would substantially reduce the flooding problem in
the detailed study area. The caonstruction of a 100-Year levee and pilot chann.” would
take approximately 42.3 acres of * nds and would require approximately *70,00 cubic
yards of fill of which approximate . 32,000 cubic yards would come from the pilot ch .3l
excavation and the rest from the borrow area at Casualidad Hills in Aguada. The plan
would protect approximately 247 square kilometers of urban area from flooding. There
would be temporary adverse impacts on air quality, water quality, and aquatic life “~m
ctearing, excavating and compacting materials during the construction of levees and
channels. No net oss of functional wetlands is expected and no significant cultural
res Jurces sites wil' 1e impacted by the project. Coastal Barrier Resource System PR-75

uld not be impacted by the recommended levee alignment.

Table 6 shows the economic impacts of the recommended plan for each
levee segment and for the entire project. MCACES cost estimates are presented in
Appendix C, Design and Cost Estimates, while details on benefits are discussec in
Appendiy £ Economic Analysis. The benefit to cost ratio for the overall planis 3.8toc .0
and net Nc O benefits are approximately $886,500 annually.

D. Imp >mentation Responsibilities

1. ~e'eral responsi’ "'v. The Federal Government would design and
prepare detailed plans, and construct :he project {exclusive those items specific=™ "
required of non-Federa! irterests). The above is subject to report approval, future-func g
approval. and upon completion of a contractual agreement for local cooperation as
required by Section 221 of the 1970 Flood Control Act. The maximum Federal
contribution under current cost sharing policy would be $7.0 million.

2. Non-Federal respo sibility. The local sponsor would be required to
provide all lands, easements, and rights-of-way; alterations or ¢  uisition of structures;
alterations and relocations to highway bridges and public utilities; 0 hold and save the
Federal Government from damage due to the construction works; anc to prop~
maintain, replace, repair, rehabilitate and operate all works after completion of the nroject
including establishing and enforcing regulations, to assure the flood control Hrojec
accomplishes its nbjectives. In addition, the local sponsor is :esponsible for a 5 percent
minimum casn ¢~ ribution and any flood control cost in excess of $7.0 million. This later
figure includes cost of reconnaissance and detailed project report.
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TABLE 6

RIO CULEBRINAS AT AGUADILLA AND AGUADA

DETAILED PROJECT REPORT

SUMMARY OF ECONOMICS FOR RECOMMENDED PLAN
($1,000 of October 2001)

==

ESPINAR AC ADILA BN S
LEVEE i.EVEE PRC ™7
| "OTAL FIRST COST ! 1,734.0 2,748.0 4 483.0
nterest During Construction 35.0 74.4 109.4
‘ TIOTA 'NVESTMENT COST 1,769.0 2,8234 45924
nterest and Amortization 114.2 182.3 296.5
{ Annual Operations & Maintenance 5.0 10.0 5.0
2 AL ANNUAL COST 119.2 192.3 3115
|
Annualized Benefits “
‘nundation Reduction 2191 938.4 1,157.5
Employment 7.0 15.0 220 |
. ood Insurance Cost 8.5 10.0 18.5
TOTAL ANNUAL BENEFITS 234 6 963.4 1,198.0
Net NED Benefits 1154 7711 B 886.5 |
| |
|
BENcr [ TO COST RATIO 2.0 5.0 38 J

1. Do not include Cultural Resocurces Preservation.
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3. C~t "haring. Tal :7 shows the cost sharing of total first cost for the
project as established in he * e -~esources “evelopment . ~t N . A} of ., as
amended by RDA 1996. The aon-Federal cost |, required from the ocal sponsor, would
be those ¢ ;sociated with ianc * easements, rights-of-wa  relocatio = anc i're “_e

. terial disposa’ r 'eas _ERRD . Tie LERRD cost would amount tc $° 910,000 « he
ove ~ | plan and represent 42 percent of the total flood control cost of the project, which
exceeds the minimum non-rederal sponsor contribution of 35 percent. As re.  ed by
law, the non-Federal sponsor would have to contribute a minimum 5 percent = 3¢ - of
the total flood control cost of the project, that is, another $22C,300 in addition to the ¢ iire
cost for LERRD. The Federal contribution would therefore be $2,410,600\ e n-
Federal contribution would total $2,137,400 or 47 percent of the tot: ©  roject cost.

4. Steps to pian implementation. Submission of this report by the District
Engineer constitutes the first step in a chain of events that must take place before a flood
control project can become a reality. ‘'t may be modified at any stage of review, and only
if it successfully passes each stage wiii it ultimately be constructed. These events are:

a. Review of the Rio Culebrinas Detailed Project Report and the
environmental assessment by Jacksonville District Independent Technical Review (ITR)
and by South Atlantic Division.

b. Fulfilment of the required measures of local cooperation,
including cost sharing and lands, easements, rights-of-way, acquisitions and relocations.

c. Completion of the necessary additional detailed topographic
surveys, cultural investigations, geotechnical explorations, preparaticn of  ans,
specifications, and an estimate of the construction cost by the District Engineer and
acquisition of required permits, followed by an invitation for bids and awarding of the
construction contracts.

d.  Allocation of funds by Chief of Engineers for construction.

E. Coordination

The study was developed and worked out in close coordination v ith the
municipalities of Aguadilla and Aguada, the local sponsors; the Cepartment of Natural
and Environmental Resources, the Pueric Rico Planning Board; the State Hisioric
Preservation Officer; the Puerto Rico Environmental Quality Boarc¢' the U.S. Fish and
Wildlife Service; the U.S. Geological Survey, and the Envircrmental Protection Agency.
After the local sponsors review the draft Detailed Project Report they woir * 7rov ue a
Letter of Intent supporting the report conclusions and recommendations. .1 3 Draft
Project Management Plan (PMP) anc  roject Cost Agreement (PCA) will be discussed
with the sponsor during the coordination of the draft report. The Letter of Intent, PMP,
and draft PCA will be included in the final report.
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TABLE 7

RIO CULEBRINAS AT AGUADILLA AND AGUADA
DETAILED PROQJECT REPORT

RECOMMENDE! PLAN
COST SHARING OF TO' \L FIRST COST
($1,000 of October 2001)

TOTAL FEDERAL NC. :
FEDERAL
FLOOD CONTROL ‘TEMS ' |
Levees and Channels | 2,638.0 2,638.0 0.0
Roads/Utilities Relocations 298.0 0.0 298.0
Lands and Damages 1,612.0 0.0 1.6*7 |
| “ DTAL FLOOD CONTROL COST | 4,548.0 2,638.0 1,9 0.0
5% Non-Federal Contribution - 2274 + 2274
|
- SUBTCTAL 4,548.0 241086 21374 |
35% Minimum Contribution 1.591.8
| 50% Maximum Contribution ‘ 2.274.0
“ontribution Adjustment 0.0 0.0 0.0 |
_SUBTOTAL 4,548.0 | 2417 R 2, 7
” Ability to Pay Adjustment | 0.0 ‘ 0.0 0.0
SUBTOTAL 4 548.0 2,410.6 } ~137.4
|
TOTAL FIRST COST ] 4,548.0 24106 21374
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