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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 1OO-year flood protection to the residences of the communities of Aguadilla 
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 mínimum 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 lb. 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. 
AII 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. Aguadilla 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-1 a. 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 CA 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. AII 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 reporto 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 
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paragraphs. AII 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 rampo 

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. 

O. OPERATIONS ANO 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 signifícant storm event. Levee 
maintenance would consist of periodic mowing and erosion repair. 
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15. O&M Manual. Operatíon 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 estímate 
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 1999. 
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Wed 2S Jul 2001 v $, Army Corps of Engineers TIME 13:3:J:53 

Eff. Date 10/01/01 PRüJECT RCPOOI: Río Culebrinas-o lOO Yr. Flood Plan 

PRO,TECT NOTES RlO Culebrinas, 100-Year Plan TITLE PAGE 

The 100-yr. construction cost estlmate presented here reflects the cost 

changes generated by the revlsed Espinar Levee alignment, which is now 

proposed to be placed out of the coastal barrier zone. 

ThlS is a planning level cost estímate based on lnformation províded by 

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

The basis of coSt include UPB cost data, generic constructlon 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 specífic analysis of labor cost was made. A labor database for P.R. was 

used. Equipment rates were obtained from the Regíon 11 1997 EP 1110-1-8. No 

speciEic risk analysis was made and a contingency of 25%" of the construction 

cost was used. 

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

Construction Supervislon was placed at lO%" of construction cost. 

LABOR ID: PRLD98 EQ~~P ID: Rl197E Currency in DQLLARS CREW ID: NAT99A UPB ID: NAT95A 
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Wed 25 Jul 2CC:. U.S. Army Carps of Engineers TIME 13:30:53 

Eff. Date 10/01/01 PROJECT RCPOOl; Rio Culebrinas-lOO Yr.Flood Plan 

Rio Culebrinas, 100-Year Plan S!JMr'1AP.Y PAGE 

** PROJECT OWNER SVMMARY Feature (Rounded to 1000'S) ** 

QUANTY UOM CON'I'RACT CON'I'INGN TOTAL COST UNIT 

01 CONSTRUCTION COST 

01 02 Relocations 31, 000 8,000 39,000 

01 08 08 Roads, Railroads and Bridges 208,000 52,000 259,000 

01 09 09 Channels and Cana1s 73,000 18,000 91.000 

01 11 11 Levees and Floodwalls 917,000 229,000 1,146,000 

01 15 lS Floodway Contro1-Divert. Strt 717,000 179,000 896,000 

TOTAL CONSTRUCTION COST 1,945,000 486,000 2,432,000 

02 NON-CONSTRUCTION COST 

02_01 LANDS AND DAMAGES 1,240,000 372,000 1,612,000 

02 30 PLANNING, ENGlNEERING & DESIGN 156,000 39,000 195,000 

02 31 CONSTRUCTION MANAGEMENT 195,000 49,000 244,000 

- - - - - . - 

TOTAL NON-CONSTRUCTION COST 1,591,000 460,000 2,05:,000 

TOTAL Rio Culebrinas-lOO Yr.Flood Plan 3,536,000 946,000 4,482,000 

LABOR ID: PRLD98 EQUIP ID: R1197B Currency in DOLLARS CREW ID: NAT99A UPB ID· NAT95A 



i'led 25 Ju1 2001 u.s. Army Corps of Engineers TIME 13:30:'J3 

Eft. Date 10/01/01 PROJECT RCPOOl Rio Culebrinas-lOO Yr.Flood Plan 

Rio Culebrinas, 100-Year Plan SUMf'r'f.ARY PAGE 

.,..,. PROJECT OWNER SUMMARY Element (Rounded to 1000 1 s) .,..,. 

QUANTY UOM CONTRACT CONTINGN TOTAL COST UNIT 

01 CONSTRUC7ION COST 

01 02 Relocations 

01 02 03 Cemetery, Utilities, & Structure 

01_02 03 18 

TOTAL 

TOTAL 

Utilities 

Cemetery, Utilities, 

Relocations 

& Structure 

31,000 

----------

31,000 

--------

31,000 

8,000 

--------
8,000 

- - - - - -  - 

8,000 

39,000 

----------

39,000 

39,000 

01 08 08 Roads, Railroads and Bridges 

01 08 al Roads 

01- Da 01 Mob, Oemob & Preparatory Work 

01 08 01 2 Excavate and Haul Ramp #1 Fill 

01 08 01 4 Construct Ramp #l 

01 08 01- 5 paving Ramp ~1 

01 08 01 6 Excavate and Haul Ramp #2 Fill 

01 08 01 7 Construct Ramp #2 

01 08 01 8 Paving Ramp #2 

01 08 01 9 Excavate and Haul Ramp #3 Fill 
~ 

01 08 01 lO Construct Ramp #3 

el l 08 01 11 Pavlng Ramp ~3 

TOTAL Roads 

6156 00 LCY 

5232.00 CCY 

6156.00 LCY 

5232.00 CCY 

6156.00 LCY 

5232.00 CCY 

10,000 

15,000 

18,000 

33,000 

15,000 

18,000 

33,000 

15,000 

18,000 

33,000 

208,000 

3,000 

4,000 

4,000 

8,000 

4,000 

4,000 

8,000 

4,000 

4,000 

8,000 

52,000 

13,000 

18,DOO 

22,000 

42,000 

1B,000 

22,000 

42,000 

18,000 

22,000 

42,000 

----------

259,000 

2 .95 

4 .24 

2 .9 

4 .24 

2 .95 

4 .24 

TOTAL 08 Roads, Railroads and Bridges 208,000 52,000 259,000 

01 09 09 Channels and Canal s 

01 09 01 Cutoff canal 

01 09 

01_09 

01 

01 

02 

07 

Canal Excavation 

Clearing and Grlwbing - no haul 

10400 

1. 00 

CY 

ACR 

24,000 

O 

6,000 

O 

30,000 

O 

2.87 

488.60 

TOTAL Cutoff Canal 225.00 LM 24,000 6,000 30,000 134.60 

01 09 02 Interior Drainage Channels 

01_09 

al 09 

02_o1 

02 02 

Channel Excavation 

Clearing and Grubbing 

21700 LCY 

7.00 ACR 

46,000 

3,000 

11,000 

1,000 

57,000 

3,000 

2.64 

488.6 r 

TOTAL Interior Orainage Channels 3456_00 LM 49,000 12,000 61,000 17.60 

LABOR ID: PRLD98 EQUIP ID; Rl197B Currency in OOLLARS CREW ID: NAT99A UPB ID: NAT95A 



WecJ 25 Jul 2001 U.S. Army Corps of Engineers TH1E 13:30:53 

Eff. Date 10/01/01 PROJECT RCPOOl' Rio Culebrinas-lOO Yr.Flood Plan 

Rio Culebrinas, 100-Year Plan S::rMMARY PlI.GE 

** PROJECT OWNER SUMMARY - E1ement (Rounded to 1000'S) ** 

QUANTY UOM CONTRACT CONTINGN 70TAL COST UKIT 

TOTAL 09 Channels and Canals 73,000 lB,ooe 91,000 

01 11 11 Levees and F100dwalls 

01_11 al Aguadilla Levee 

Mob, Demob & Preparatory Work 22,000 6,000 28,000 

01 11 01 2 Excavate and Haul Levee Fil1 51746 CCM 246,000 62,000 308,000 .95 

Construct Levee 51746 CCM 212,000 53,000 265,000 5 12 

TOTAL Aguadilla Levee 51746 CCM 480,000 120,000 600,000 11.60 

01 11 02 Espinar Levee 

01 __ 11_02 Mob, Demob & Preparatory Work 18,000 5,000 23,000 

01 11 02 2 Excavate and Haul Levee Fi11 46800 CCM 225,000 56,000 281,000 6. 01 

01 11 02 Constr-uct Levee 46800 CCM 193,000 48,000 242,000 5 .17 

--------

TOTAL Espinar Levee 46800 CCM 436,000 109,000 546,000 11.66 

--------
TOTAL 11 Levees and Floodwalls 917,000 229,000 1,146,000 

01 15 15 Floodway Control-Divert. Strt 

01 15_02 CMP ® Ramps & Internal Channel 

01 lS 02 01 3' CMP @ Ramp & Internal Channel 3.00 EA 71,000 18,000 88,000 29455 

TOTAL CMP @ Ramps & lnternal Channel 71,000 18,000 88,000 

01 15 04 Culvert AL-S

01 15 04 01 - 60 11 CMP w/Flapgate 1. 00 EA 118,000 30,000 148,000 147510 

TOTAL culvert AL-S-1 118,000 30,000 148,000 

01 15 09 Culvert AL--S-2 

01 15 09 01 6 60" CMP w/Flapgate 1. 00 EA 276,000 69,000 345,OOC 345401 

TOTAL Culvert AL-S-2 276,000 69,000 345,000 

01 15 10 CUlvert AL-S-3 

LABOR ID: PRLD95 EQUIP iD: R1197B Currency in DOLLARS CREW 1:;-: NAT99A UPB ID: NAT95A 



Wed 25 Jul 2081 u S Arrny Corps of Engíneers TIME 13:30:53 

Eff Date 10¡Oi/O~ PROJECT RCP001: Rio Culebrinas 100 Yr.F1ood Plan 

Río Culebrinas, 100-Year Plan SUMMARY PAGE 

-- PROJECT O~~R SUMMARY Element (Rounded to 1000 1 s; *

QUANTY UOM CONTRACT CONTINGN TOTAL COST UNIT 

01 15 le 01 3 - 60" CMP w/Flapg:ate 1.00 EA 124,000 31,000 155.000 155212 

TOTA1~ Culvert AL-S-3 124,000 31,000 155,COO 

01 15_11 Culvert EL S-lA 

01_15 11 01 2-60" CMP w/gates 1. 00 EA 97,000 24,000 121,COO 121356 

TOTAL Culvert EL S-lA 97,000 24,000 121,000 

01_15 12 Extend Concrete Box Culvert 

01 15_12 01 Headwall Foundations 

01 lS 12 02 Bottom Slab 

01 15_12 03 Cut-off Walls 

C1 15 12 04 Headwal1s or Wingwalls 

01 15 12 OS Box Walls 

01_15_12 06 Top Slab 

TOTAL Extend Concrete Box Culvert 

TOTAL 15 Floodway Control-Divert. 

TOTAL CONSTRUCTION COST 

Strt 

9 .00 CY 

28 .00 CY 

7.00 CY 

8.00 CY 

39 .00 CY 

28 .00 CY 

123.00 CY 

1,000 

5,000 

3,000 

3,000 

9,000 

9,000 

- - - - - -  -

31,000 

--------

717,000 

----------

1,945.000 

1,000 

1,000 

1,000 

2,000 

2,000 

8,000 

--------
179,000 

486,000 

2,000 

6,000 

4,000 

4,000 

12,000 

11,000 

- - - - - - - 

38,000 

896,000 

2,432,000 

207. 36 

208 .08 

574 .41 

449. 97 

302 .90 

404 .61 

312.64 

02 NON-CONSTRUCTION COST 

02 01 01 Lands and Damages 1,240,000 372,000 1,612,000 

TDTAL LAND8 AND DAMAGES 1,240,000 372,000 1,612,000 

02 30 PLANNING, ENGlNEERING & DESIGN 

02 30_30 Plannlng, Engineering & Design 156,000 39,000 195,000 

TOTAL PLANNING, ENGINEERING & OESIGN 156,000 39,000 195,OOC' 

02_31 CONSTRUCTION MANAGEMENT 

02_31 31 Construction Management 195,000 49,000 244,000 

TOTAL CONSTRUCTION MANAGEMENT 195,000 49,000 244,000 

LABOR ID: PRLD98 EQUIP I~: Rl197B Currency in OOLLARS CREW ID, NAT99A UPB ID NAT95A 



Wed 2S Jul 2001 u.s. Army Corps oE Engineers TIME 13:30:53 

Ett. Date 10/01/01 PROJEC~ RCPOQ1: Rio Culebrinas-lOO Yr.Flood Plan 

Rio Culebrinas, 1QQ-Year plan S·JMMARY PAGE S 

** PROJECT OWNER Sl~Y - Element (Rounded to 1000's) ** 

QUANTY UDM CONTRACT CONTINGN TOTAL COST UNIT 

TOTAL NON-CONSTRUCTION COST 1,591,000 460,000 2,05:,000
 

TOTAL Rio Culebrinas-lOO Yr.Flood Plan 3,536,000 946,000 '1,482,000
 

LABOR ID: FRLD98 EQUIP ID: R1197B Currency in DOLLARS CREW ID: NAT99A UPB ID: NAT95A 
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DETAILED PROJECT REPORT
 

APPENDIX E
 
ECONOMIC ANALYSIS
 

1. INTRODUCTION 

A. General 

The Río 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 Río 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, Añasco, Cabo Rojo, Guánica, Hormigueros, Isabela, Lajas, Mayagüez, 
Moca, Rincón, Sabana Grande, and San Germán. 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 l\t1etropolitan 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 unicipalitics 01" Aguadilla 
and Agu ada (1970 lo 1990 and Projeclion for 2005) 

1980 1990 2000 
YE A R 

PTDjt:t:lion Providt:d hy the P.R Plalll1lng Aoal'd, Bureall ofCellstls 

Figure E-1 
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2. I::mQlº-YID.~nt. 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 mili 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 1 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. 

En1ployn1ent by Sector 
Percentage Distribution 

Aguadilla and Aguada 

Sourcc: P_R.. Dcpartmenl of 1,abor anu HUnlan Rcsourccs 

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. 

E-3 



TABLE E-1
 
DISTRIBUTION OF EMPLOYED PEOPLE
 

BY MAJOR ECOI\lOMIC SECTOR
 
(Aguadilla and Aguada)
 

As of May 1999
 
Total Labor Force
 24,360 

Employed 20,779 
I 

3,581 
Unemployed Rate 
Unemploved 

14.7 
Distribution:
 

Manufactu rinq
 6,096 
Non-Manufacturinq 14,548 

Construction 450 
Transportation, Communications, etc. 1,218 

Trade 3,620 
Finance 485 
Services 4,989 
Government 3,756

I 

Others 30 
Agriculture and Related 135 

111 I 

3. Infrastructu re. 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 regíon 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 
growth and development over the past years with sustained investments in the hotel 
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rooms inventory. This expansion offers new and/or renovated accommodations, which 
in FY9S showed an increase of over 10 percent registration for the area. 

C. Detailed Study Area 

The detailed study area includes the southern portian 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, majar transportation routes, and parks. Most of the 
houses in the f100dable 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. 

11. 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 Caño 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 

REACHES ANO NODES FOR ECONOMIC ANALYSIS 

REACH NODES DESCRIPTION OF SECTORS 

1 1 to 7 South of Caño Madre Vieja, Espinar Ward of Aguada, 
mostly residentiallow-income community. 

2 1 Residenlial Public Housing Communily in Aguadilla. 

3 1 lo 5 Soulhern portion of lhe lown of Aguadilla. Residenlial, 
Commercial, Public and Utililies land use. 

Damage reach 1 was further subdivided into seven topographically similar zones 
to facilitate economic analysis. Reach 2 was subdivided into five zones for the same 
purpose. 

c. Inventory of Property Subject to Flooding 

For purposes of this analysis, property subject to f100ding 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 
Estimated Residential Structures affected by flooding 

By Reach/Node and Flood Frequency 

Reach/Node 

Frequency 1/1 1/2 1/3 1/4 1/5 1/6 1/7 2/1 3/1 3/2 3/3 3/4 3/5 TOTAL 

2 O 48 O O O O O 6 3 O O O 10 67 

5 O 48 8 O O O O 31 11 144 O O 10 252 

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

25 O 48 23 6 5 1 O 31 33 160 O 74 10 391 

50 36 48 91 6 8 2 14 31 55 160 70 93 10 624 

100 36 48 152 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 Río 
Culebrinas study area. These are described as follows: 

a. Commercial categorv 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 catego~ Hardware stores and building materials 
outlets. 

f. Commercial category 6. Finance institutions and real estate 
offices. 

g. Commercial category 7. Warehouses. 
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Table E-4 shows the estimated number of commercial 
establishments grouped by commercial category. 

TABLE E-4 

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 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. 

TABLE E-5 
Property Subject to Flooding 
Public and Nonprofit Facilities 

Frequency (Years) 
Category 2 5 10 25 50 100 SPF 

Public 1 1 2 13 22 22 24 

Nonprofit O O O O 2 4 7 

TOTAL 1 1 2 13 24 26 31 
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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 

Property Subject to Flooding 
Kilometers of Streets and Hiqhways 

Reaches 
Frequency (Years) 

5 10 25 50 100 SPF 

1 0.32 0.88 1.87 3.78 4.69 5.64 

2 1.40 1.93 3.03 5.67 7.00 9.32 

Total 1.72 2.81 4.90 9.45 11.69 I 14.96 
I 

D. Assessment of Property Values 

1. General. Structure and content values were developed for each 
facility/structure under each land use category within the f100dable 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 Mayagüez 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 inciuded 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 f100r 
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 
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completed f100d 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 eaeh 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 developments by reach. 

TABLE E-7 

Average Values of Property Subject to Flooding 
Residential Land Use 

Number Average values 
Reach Sector 

of structures Structure Contents 

1 Espinar Ward 325 34,800 11,300 

2 Aponte Public Housing 31 125,000 23,000 

3 441Aguadilla urban Area 46,200 17,100 

TOTAL DETAILED STUDY AREA 797 44,616 14,694 

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. For utilities values, these were provided by the 
PR Aqueduct and Sewer Authority, the 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. 
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TABLE E-8
 

Estimated Value of Structures and Contents
 
Commercial Facilities 

Land Use Category Number of 
Structures 

Total Values ($2001) 
Structure Contents 

Commercial Category 1 38 2,282,388 2,403,796 
Commercial Cateqorv 2 6 438,675 519,100 
Commercial Category 3 34 1,054,755 567,721 
Commercial Cateqorv 4 7 638,300 15,371,368 
Commercial Category 5 9 1,316,000 7,477,000 
Commercial Cateqorv 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 

Value of Structures and Contents 

Public, Nonprofit Utilities 

Number 
of 

Structures 

Total Values ($2001) 
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, Nonprofit 
and Utilities 

49 4,288,283 4,847,223 

4. Other property (external to main structure). This property 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 Río 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. 
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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. 
Belowa 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-Ieast-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 c1aims 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-Ieast-square regression of 
percentage of content damages to depths of water was fitted to the data. This curve 
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 Río Cibuco, Vega Baja, Puerto Rico. 
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Depth Damage Relationship 
Residential Land Use 
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Figure E-3 

2. Commercial establishments. Curves derived for the various categories 
of commercial establishments for the Río 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 c1aims under the NFIP. Empirical data were used to develop damages for 
fioodwaters 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 
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. 
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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. 
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Depth Damage Relationship
 
Commercial Category 2
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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-Iane 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 aboye 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. 
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6. l\Jonprofit 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. 

Depth Damage Relationship
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F. Flood Damages 

1. Historical floods. There is considerable descriptive information about 
the events that occurred in October 1985, April 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 damages. Flood damage according to f100d 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 f100ding 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 utilizill9 the Expected Annual Flood 
Damages Computation Model developed by the Hydrologic Engineering Center, U.S. 

E-20
 

http:u'�....��:�


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 percent interest rate for the first 50 years of the project life. The final analysis 
for the recommended plan includes FY 2002 price levels discounted at 6 1/8 percent 
interest rate for the first 50 years of the project life. 

a. Existing conditions (1999). 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 
$12,245,000 for the 1OO-year flood. 

Table E-10
 

FLOOD DAMAGES FOR SINGLE FLOOD EVENTS
 
WITHOUT PRO~IECT CONDITIONS
 

($1,000 of 1999)
 

Damage Frequency (Years) 
SPF 

Residential 
Cate~ory 2 10 255 50 100 

177 492 5,135 10,869 
Commercial 

1,206 2,235 4,542 
94 105 239 4,040 4,322 4,338 

Public 
406 

54 54 129 383 396 371 1,248 
Nonprofit 12 43 
Utilities 

3 
2,416 

Streets and Highways 

206 404 656 872 1,467 2,183 
7 222 31627 63 213 

TOTAL 531 1,062 2,257 12,245 19,2303,959 10,661 

3. Expected annual flood damage. Expected annual damage for existing 
conditions (2001) 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
 

EXPECTED ANNUAL FLOOD DAMAGE
 
EXISTING CONDITIONS
 

($ 1999)
 

DAMAGE CATEGORY ESPINAR AGUADILLA AMOUNT 

Residential $191.0 $513.5 
Commercial 

$322.5 
276.3 

Public 
274.32.0 

1.5 67.9 69.4 
Nonprofit 0.2 0.2 0.4 
Utilities 21.0 265.5 286.5 
Streets and Hiqhwavs 3.6 7.9 11.5 

TOTAL EXPECTED ANNUAL 219.3 1157.6938.3 
DAMAGES 

111. NATIONAL ECONOMIC DEVELOPMENT BENEFITS 

A. General 

This section describes the procedures utilized to estimate the various categories 
of national economic benefits analyzed for assessing f100d control plans for the detailed 
study area. It also presents aggregate cost data of the plans considered. 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 leve!. 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 
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 f100d control plans are presented on Table E-12. Residual 
damages are also presented on Table E-12. 
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TABLE E-12
 

INUNOATION REOUCTION BENEFITS BY PLAI\J AI\JO LAI\JO USE
 

($1,000 of 2002)
 

SPF Levee 100 Year Levee 50 Year Levee 
Land Use Damage Residual Damage Residual Damage Residual 

Reduced Damaqe Reduced Damaqe Reduced Damaqe 

Residential 513.6 O 461.5 52.0 408.2 105 

Commercial 276.3 O 202.5 74.0 158.5 118 

Public 69.4 O 62.3 7.1 58.2 11 

Nonprofit .4 O .20 O .32 O 

Utilities 286.3 O 275.6 10.6 254.9 31 

Streets & Highways 11.6 O 8.9 2.6 6.7 5 

TOTALS 1157.6 O 1011 146.3 886.8 270 

2. Employment benefits. The basis for considering this benefit is contained 
in ER 1105-2-100, which is quoted in parto "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. 

The NEO 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. Between 1994 and 1998 it averaged about 14 percent. In 
comparison, for the U. S. it averaged less than 5 percent. Even thoLjgh this average 
has been reduced to 10.8 for 2001 it continues to be a high rate of unemployment and 
remains as one of the major socioeconomic problems in Puerto Rico. 

For determining the portion of construction labor cost aliocated to the 
unemployed, it was assumed that 20 percent of the total construction cost of the project 
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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 c1assification 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 Río Antón 
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 Río Antón 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 2002 interest rate of 6 1/8 percent. The annual benefits over the 50
year life span of the project results in annual equivalent employment benefits of 
$22,000. 

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 c1aim 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 
($146) administration cost of each policy for FY 2002. This results in cost saved adding 
to $25,200 annually for the entire project. 
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C. Benefits and Costs Analysis 

1. Costs. 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. Detailed discussion of items is shown in 
Appendix C, Design and Costs Estimates. 

TABLE E-13 

ECONOMIC COSTS OF ALTERNATIVE PLANS 

($1,000 of 1999) 

Structural Alternatives 
Cost Item 100Year 50 Year 

Total Construction Cost 

SPF 

4,476 2,781 2,711 

Pre-Construction Eng. and Design 403 250 244 

271Construction Management 448 278 

Lands and Damages 646720 646 

Total First Cost 6,047 3,955 3,872 

Interest During Construction 127 124205 

Total Investment Cost 6,252 3,9964,082 

Annuallnvestment Cost 431 282 276 

Annual O&M Cost 25 20 20 

TOTAL ANNUAL COST 456 302 296= 
2. Evaluation of final plans. The evaluation of final plans was performed 

following ER-11 05-2-1 00 (Principies and Guidelines) procedures. Alternative structural 
plans for the SPF plan, the 1OO-year Plan and the 50-year Plan were considered in the 
economics for each alternative plan. These plans were evaluated at 6 7/8, the 
prevailing interest rate at the time of analysis during FY 1999. The 1OO-year plan came 
out as the NED plan with a total first cost of $4,365,000, total net benefits of $453,600 
and a B/C ratio of 2.0/1.0 
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3. The recommended plan. 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. AII benefits were evaluated at 6 1/8 percent, the 
prevailing interest rate for FY 2002. The economics of the recommended plan is shown 
in Table E-14. The total first cost of the plan is $4,365,000, net benefits are 453,600 
and its B/C ratio is 2.4/1.0. 

TABLE E-14 

ECONOMICS OF THE RECOMMENDED PLAN 

($1,000 of Oclober 1999 for Project Cosls and March 2002 for Benefils) 

TOTAL FIRST COST2 

Inleresl During Construction 

TOTAL INVESTMENT COST 

Inlerest and Amortizalion 

Annual Operations & Mainlenance 

TOTAL ANNUAL COST 

I 

Annualized Benefits 

Inundation Reduction 

Employment
i 
i Flood Insurance Cosl Savings 

I TOTAL ANNUAL BENEFITS 

ESPINAR 

LEVEE 

AGUADILLA 

LEVEE 

ENTIRE 

PROJECT 

1,734 

35 

1,769 

2,749.0 

74.4 

2,823.4 

4,483.0 

109.4 

4,592.4 

114 

5.0 

119 

182.3 

10.0 

192.3 

296.5 

15.0 

311.5 

219.1 

7.0 

8.5 

234.6 

938.4 

15.0 

10.0 

963.4 

1157.5 

22.0 

18.5 

1198.0 
I 

Nel NED Benefils 

BENEFIT TO COST RATIO 
i 

115.4 711.1 886.5 

2.0/1.0 5.0/1.0 3.9/1.0 

2 Do not include Cultural Resources Preservation. 

E-26 



RIO CULEBRINAS 

PLATE [-1 
SHEET 1 OF 1 

AREA 
REACHES 

STUDY 
ECONOMIC 

NO. 

DATED' 

SCAlE' AS SHOWN 

B A Y 

SCALE (IETERS) 

MADRE VIEJA~X 

", 

CANO 

ADILLAu 
N 

A G 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APENDICE C 



ADVANCED SOIL ENGINEERING
GEOTECHNJCAL CONSULTING ENGlNEERtNG

CONCRETE /\NO !AATERlAL TESTlNG l.ABORATQRIES

QN THE GEOTECHNlCAL EXPtORATlON
PERFQRMED AT THE SITE OF THE PROPOSED

CORDECO DlSCOVERY BA y RESORT &. MARINA,
ESPINAL WARD, AGUADA, PUERTO RICO

SUBMJTTED ro

AHV &. ASSOCIA TES

e f o ENG ANTONIO HERNANDEZ VIREUA

BY

NELSON MUfJOZ, PE.

ADVANCED SOIL ENGINEERING
GEOTECHNICAL CONSULTING ENG/NEéRS

FEBRUARY 18, 2002



ON THE GEOTECHNICAL EXPLORA noN
PERFORMED AT THE SITE OF THE PROPOSED

CORDECO DISCOVERY BA y RESORT & MARINA,
ESPINAL WARD, AGUADA, PUERTO RICO

1.0 INTRODUCnON:

Thls repon covers the results o{ a geotedulIcal expJof'atJon coooueted at the

Slte of 1M (XOposed Cotdeco Drscovery Bay Resort & Manna, Espmal Ward,

Aguada, ~rro RIco

The mvestlf/soon was made foIIowmg mstruchons from Eng Antomo

Hemandez Virella from AHV & Assooates, property deSlgners aOO as pe, aca!Jpted

borrng propasal dated Jsnuary 11. 2002

The ob¡ect o{ the mveshgafJOfl wss 10 obtam rnfonnaoon regardmg ¡he

exJS(¡ng geoIoglC subscvl conditJons st the SIte o{ the proposed bay aOO manna area

Wlth the purpose of uSlng the engtnefHlng $dI data mus obfamed m determlfllng the

type o{ fouOOatJon reqtllred to suppor1 the Ioads of the proposed docks

Thl$ report has been prepared for lhe eJlQUstve use o{ the owne" thelr

archrtects aOO others mvolved In the construcbon 800 pleparat/Oll of the p/ans aOO

speafJcatlOns o{ the pro¡ect

AOVANCEO SOll ENGINEER1NG
G.EOTECH\IIColl COflSULTIIolG E.-..EEJUr
~~ ..-- ~ -------



FileNo 410

2.0 SITE LOCAT10N AND PROJECT DESCRIPT10N:

Paqe2

me SIte o{ (he PfOposed ptOJeCt 15 /ocaled at lhe tntersed10n of PR 115

Km 27 J and PR 442, Espmal Wall1, Af1rJada Puerto RIco ACCCfr1ifIfJ ro plans

provtC1ed fa th,s oIf¡ce, lhe proposed proJeC/ co1Wdefll" lhe const1lJCt¡Qn o, 8 88y

Resorl and Mann8 Complex

FQl" a praper SI/e /ocatJon, see aftached 5lt8 /oca/lOn map

•
•

"• r .. l l

,.
•

5rrE LOCA T/ON MAP

AOVANCEO SOll ENGINEERING
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3.0 SCOPE OF INVEST1GAT/ON:

Ñ8!d ExPIootc!oo

me fieJd ell.pIoratlOfl conSlsted of dnlhng fHght (8) test oonngs aJong the

pmposed bay afld manna area Test hoIes were dnlled lo depths varymg from 40 O

/0 100 On Wlth a /oIa/ footage o, 400 O tin n

The bonngs were performed l.ISlng the rotary hoJlow-stem alJ(Jef teehmque m

accordance Wlth A5TM O 1452. SBmples were obtamed l.ISlfIg the "Standard

PenetralJOn Test (SPT)", as spectfi«f m ASTM D 1586

Pfease refer fa Appendix No. 1 (Boring Loe.fion Map), tor bonng Iocahon

4.0 SUBSOIL CONDmoNS:

The general SlJbSCMI coflditIons as disdosed from the test oonflgs dnlléd at the

SlJbjed sita conssst o, reddish brown, gray broWfllsh gray afld brown sslty dar trace

lo some sand layer ell.tending fa depths vafYIng from 6 O /O 13 Q n beIow 81I.IShng

ground elevahon

AOVANCED SOll ENGINEERING
ot:OTE~COfIISlJI. flf<G ENGINEUlS
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The aoollE! descnbed layer IS rest1f1g over a '1ray aOO brownIsh gray saOO

trace to some $lit layer, wIvcIl extends to depths vaf)'lng from 40 O to ao On

UnderlyJng the aforementKJned stratum and extendtng 10 the eOO of the test

hoIe$, the exploratory work shows 9ray sand some c/ayey SlIt layer 0fI bonng No 7

The ground water level 01 lhe explored Slte was encountered at depths

varymg from 2 O10 6 On dunng the tlrne 01 our exploratrxy work

The above mlormatlOn COfTeSpondS 10 a general descnpbort 01 die subSOú

conditJons 01 the area, however, fOr detal1ed descnpbon regardlf'lg the mi proriJe,

fiekJ and laborafoly test feSIJ/ts, please refer to Appendi}( No. 2 (Boring Logs). For

detalJed descnptlon o, the procedures foIIawed fot the drillmg 01 the test borrngs and

laboratory testmg, please remr to Appendlx No. 3 (FI.ld and Labo,.tory Testing

Procedures)

5.0 CONCLUStONS:

The objed oIlhe uweSbgatlOn was to obtam m!ormatlOn regan;J¡ng the subsoif

conditJons al the Slte 01 the proposed bay and manna, W1th me purposed of uSlng

th,s data to evaluate the possiblliry ro develop such compJex

AOVANCEO SOIL ENGINf:ERING
OI:OTECHHlC4l. COH$l.I\.T1NG ~[IIl'



flieNq 410

me results 01 00' mvestlgatJon show that the uppermosf 6 Olo 13 Otf 01 the

area have. clayey matanal wrth a lIe'f)' soIt te med1um conSlStenc)' me IIqUld bmit

and plast/Clty mdtu of thls clayey matena} IS 50 7 and 23 3 respect1ve/y

FoIlowmg the cleyey melena! the ellplorallOn worlI' shows gray and browmsh

gray sand lMth soma $lit matenaJ. whIch elltencfs lo a depth beIow 40 O tf

DccaSlOnaHy, we fincJ the SBndy matanel Wlth orgaroc mBtrer and traces of clay

As per mfrxmahon provrded 10 thl$ office, the construchon 01 the manna

mvo/lles the ellC8vahon of approlllmBte 20 O10 30 Oft deep of thf/I malena} found at

the area We enelyzed the chantetansbcs and propemes 01 !he sand mBlena/ and

we do not recommencJ the use 01 the sand Ior CCJ(IstrvctlOn purposes dIJe 10 !he

Impuntltls 01 the metena! The Orgaroc ImpuntJes Tast shows us thal the presence

of Ofg'sn.c ItTlpuntJes IS Slgndlcant (Darlcer than Standard) In ttJe sancJ matenal

Frx tlle constrvctlOn of the docks 01 the manna we recommend the use of

dnvrng ¡JÍJf1s 10 supporl tlle Ioeds of the sin.ctures

AD'IMoICED SOll ENGINEERING
GEOTtClwqC&l e<llUUI.TlftGENGlNEERS
~ o lOll Illl.1SAJIEL.O. PUtRTO IIlCO_



f¡leNQ 410

6.0 UM"AnONOFTH1SREPORT:

Paqe6

me above condu$Ofls are gNen oased on the tnterpretaoon o, an arbltra'Y

seffK:red, hmlted number o, SOl! samples rather than a preose kJlowfedge o, aetlJlJl

condltlOnS SubSOtl condibons between bonngs may vary and diffenJnt condltlons

that tOO&! descnbe can be flncounlftred

Respectfufly subm

Filft No. 410

February 18, 2002

AD\I~CSOll ENG1NEERING
Gf.oTtc:~ CONSlAT1HG 0lGIHf.f.~'

p o .al l:tl) 1&ABf....... "'-'EIlTOIllCO_



APPENDIX NO. ,

BORJNG LOCAT1ON IIAP

AOVANCEO SOIL. ENGlNEERJNG
GlOTlCHNlCAl. COOIIUl.1"WO lHQINf;(JI,
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APPENDIX NO. 2

BOR/NG LOGS

AOVANCEO SOll ENG1NEERING
GEOl[~COHSU.TWIG~~ERI
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,
ADVANCED SOIL ENGINEERING FILE NO. BORJNG NO.

PO _'''3 410 1
1SA1lEv..." R C1OI!IS2 Ttl& fAll..IJO·_

CLlENT: AHV & ASSOCIATES PAGE 1 QF 2

PROJECT- CORDECO OISCOVERY BAY & MARINA
LOCATION: ESPINAl WARD, AGUADA

GROUNDlEVEL
DATE STARTED 02/'2102
DATE FINISH: 02/'2102
BORING TYPE" HOllOW 5TEM AUGER GROUND WATER OEPTH 4.0 FT.

~ ~ w,~ " • ~ .. , • u "n ~~ "~

"""" .... doy • 21

" "'1'
BI'OWllISII~y sllly eI.y trKe sand , • " .., 23.3

WH 73

G~y CiIyey $...-cl ,
"'0

a<.y-.d ...... '" 22

"
..". "20

.. 22

"
8«M1_ QI'8Y und tr8CII aIII " ".......... 30
N. aOWSOEl.NUtt:lll'Ul fOOt'Y"'el LB H..• .... f"I.L»IG3DlHCHf' T. EST1IoIAll.O UNlTWEJQHT • " e'
w.......Tl.IIIt'l. _TVIIe: CONTt.NT ., ••AI«)U Of' INTERNAl fRlCnr;»I • DEGlft:U

o" • UNCOI'Il'INU) eoMPfIUSNE .TltEHOTH • T » _ oWElGtfl OF~

IIp • CIo.UIRAT'ED ~fTltOMElVI RE.o\OlNG • T • f

Ll. • UQUIO UMI'T

PI • PlASTlCfTY 'NOEII:



ADVANCED SOIL ENGINEERING FILE NO. BORlNG NO.

1

• u

4.0 FT.

PAGe 2 OF 2

410

GROUND WATER OEPTH

02112102

02112102

HOllOW STEM AUGER

AHV & ASSOCIATES

CORDEce 01SCOVERY BAY & MARINA

ESPINAL WARD, AGUADA

DUCIlIPTlOH

CLlENT
PROJECT
lOCATION
GROUNDlEVEl.
DATE srARTEO·
DATE FINISH
BORING TYPE"

" "35

20
40

ENe OF BORING

45

50

55

60
N. Bl.(lW!I~o~1Il ,00T IIY" ICl~ IU.lAEII '~Xltoel1ES
W ......T\l1l,t,l _l\lIIf CQIrI'TV(T .,.

O<J • I,IHl;QHANED COMPIOlEUIVE STflf;NGnl _T S F

a".CAI.JIf\.O.lED~1I REoO.OIHG, T"
Ll • UOUIO LMT

J" UTMOTUlUMlWlJGHT·P e f

•• AAOLE Of lIfTERH4I,. flllCTlON • ot:GIt[lS

....... ·WlD<TOf_



• ADVANCED SOIL ENGINEERING FILE NO. BORING NO.

po 1101:1113 410 2
l&o\llELO. p" _ lll" fAX lIJO, en-.

CLlENT AHV & ASSOCtATES PAGE 1 QF 2

PROJECT CORDEeo OISCOVERY BAY & MARINA

LOCATION. ESPINAL WARD, AGUADA

GROUND lEVEl
DATE 5TARTED 02/12102
DATE FINI5H. 02/' 2m
BORING TYPE: HOLLOW STEM AUGER GROUNO WATER OEPTH 6.0 FT.

~~~ """" WATlll • W ~ ~ T • " w
n ~~ .~

Reddl5ll brown SlIly dlI'f sorne uno • "
• "

• 2 "
" 2 "

Gray siIy d.a'f' 2 U

'0

Gray SIII'lCl lfaC:(l silI " ",.
" "20

BI'IMnISh gRY Mnd llK8 sift 2 23

2'

n 22
~~ JO

N • IlOWS DaNVlED pP: 'OOT 1IY .. ,..,-' HAj,N[R'olUJ'tG:lO If'Cl;fS yo Ur-n:DUHl'T~.pe'
W • NATURAl,. _Tl,IRlC~ ... •• <\NGL.E 01' INlEllHAl fllICTI()fj . l)(G!lfU
0...'-"COHflNED~STRfHGTfl. T" f _·~Of_

Op. CAUIIlATf.D~EJtIlUOlNG· T"
U.' lJQOlO UMIT
~ • PI.ASTlefTl' lftOVl



• ADVANCED SOIL ENGINEERING FILE NO. BORlNG NO.

~ [) lIOX 13'3 41. 2
lSAUl.A. , R (l(:IllC fElAFiUl30 ~

ClIENT: AHV & ASSOClATES PAGE 2 QF 2

PROJECT COROecO DISCOVERY BAY & MARINA

LOCATION ESPiNAl WARD. AGUADA

GROUND LEVEL.
DATE srARTED 02112102
DATE FINISH 02/12102

BORING TYPE: HOllQW STEM AUGER GROUND WATER OEPTH 6.0 FT.
DEseIIlI"T1Ol'i ""'" "'~

, w ~ .. T • u "~ ~~ ,~~

8rownlsh grlY wnd ll'klt sil!

" "35

"
,.

'"ENOOf BORING

'5

50

55

60
IC_ aows D!V.~JOI(DI"EIIIHJOT..," 'OO~ _11 1"'l1.1NGXI_S l- flllWolUllNl WVGHT . pe,
W • NATUltAl MOII"T\lIIl¡ COH1TiHT ... • _IOHOU: Of lNTEJIHAl. '''ICTIOH .1l(GM!1
Ou' ~1NtOl;OM'ft(SS/VE ST!tENGlH • T SI WI1 • WVGHT Of IW&IEII
OlIo CAL-....lUl~ETltQloE1Vt~·T I f

u._UOUOLMT
,.. • "-'Unc.rTY Il'lDEll



• ADVANCED SOIL ENGINEERING FILE NO. BORlNG NO.

/' o IOX "11 41. 3
lSAaELA P ~ 001II2 TU& FU 8Jll.lXIII&

CUENT- AHV & ASSOCIATES PAGE 1 OF 2

PROJECT CQRDeCO OISCOVERY BAY & MARINA

lOCATION ESPINAl WARD, AGUADA

GROUNO lEVEL
DATE srARTED 021'_
DATE F1NISH 02114102
BORING TYPE HOLlOW 5TEM AUGER GROUNO WATER oePTH 5.0 FT.

~~ ~ WATlII , W ~ '" , • " "
" ~ ,~~

Reddlsn bruvon loiI:y d.y soma U"" " "
• "

5 .., 2 "
G...y sandy áIy • ..

2 ",.

~y Nl'lCllrat::e $lit • "15

" 20
20

" 22
2.

22 20
~~ 30

lO _llLOWSDElMIIlEOPEll FOOT BY A l00l1 H.lMMEJII FN.UNG30 N:;HES '" UnolATtOUNIT WElGMT·1' e,
W" NA fUIIIAL~ COHTEfff ' .. • .. ot.HClU~ NTEIIltW. FlttCTlOIt_ DEGRUS
o.. • lJOICONfiNlD COLI'ltESSIYE STREHGTlo; _T S, WI1 • WEJOMT Of HAtAIEIII

a,.. c:Al.lIIlAtm~I':TllONETER~.TI'
U • l.lOl.o'O UIMT
PI • P'I,AlITlCrn' lNDVl



• ADVANCED SOIL ENGINEERING FILE NO. BORING NO.

~o IlOJll~l) 41. 3
1S.08ElA , 111 ~ rn.F"'ll. PI· 1mB

Cl1ENT: AHV & ASSOClATES PAGE 2 QF 2

PROJECT: CORDECO OISCOVERY BAY & MARINA

lOCATION: ESPINAL WARD, AGUADA

GRQUND lEVEl
DATE srARTED: 02114102
DATE FINISH 02114102

BORING TYPE: HOLLOW STEM AUGER GRQUND WATER OEPTH S.O n.
~K~ ~ ..~ , • ~ '" T • " "n ~.~ ,~~

GIlIY ...001...,., sil!

" ..
35

'" "40
ENe OF BOR1NG

45

50

55

60
N _1I.CM'SllU..I'o'UtlD I"UI 'oen ..... lel LB _111 'loUINOllIlNCHES T" Es~TUII,IHITWVGH'I.PC'

w.Not,T\MAL~!COHTENT·" •• iIoHGlE QIF IHTE_ ,/tICfJDOl . CEGltEU
Qo • I.JNCClNfW<lf.D COIPfIIE&SIVE STI'lENGT'H •TI' WH • WEKlI<l oF __

011 • ~TUll'VIETIIOMOER IlEAD1H(1 . TS,
U.·UOUlDlMT
,. • "-"Sncm 1Il0Ell



,
ADVANCED SOIL ENGINEERING FILE NO. BORlNG NO.

PO IlOXUU 41. 4
lSA8ElA, P R _ TU • ~I"l( IQO. a.a

CUENT AHV & ASSOCIATES PAGE 1 DF 2

PROJECT CORDECO OISCOVERY BAY & MARINA

lOCATION ESPINAL WARD, AGUADA

GROUND lEVEl.
DATE STARTED 02113102

DATE FINISH. 02113102

BORING TYPE. HOLLOW STEM AUGER GROUND WATER OEPTH 6.0 FT.
~~ ~ W"Ttll , W ~ .. T • u w

~ ~ ,~~

Reácbsn or-l siII., da., • "
" "

5 • ...... , "
5 ",.

~ MI'Id sorne ~"
,

"15

" "20

Brownis/lllray s.lnd tBee siII " "25

'" "-- 30
N. kOWSDllMAEDI"Ot HXJT aY" l"Oll _ fl'olU'lG JO_S Y" E.,.....TEOUNlTWlJGHT_Pl;1
W. NAlUltO.I,. _TullE COKtENf _... • • iUlOlE Of 1f<TUI'W.. fRICTlON • CEGllnl
OU • l.INCONFlNfOCOIWftE~ IflIEJ«:IfH • 1 • f _. WElGKTOF HoOMIlIEIIl

Op •~ fUll'9lETIlOOE1ER llEolOlNO - T S,

U • LlOI.IC lM"t
~. ~ncrnN;JO:



ADVANCED SOIL ENGINEERING FILE NO. BORlNG NO.

4

. "
6.0 n.

PAGE 2 OF 2

41.
TEl & f ..... g. ClleS

GROUND WATER OEPTH
"WOIIOpT

,~~

AHV & ASSOCLATE5

CORDeca DlSCOVERY BAY & MARINA

ESPINAl WARD, AGUADA

02113102
02113102
HOLLOW 5TEM AUGER

l' o IOK 1313

lYlBEl.A P 11 ~

CUENT
PROJECT
lOCAT10N
GROUND lEVEl.
DATE srARTEO
DATE FINISH
BORING TYPE

" l2
35

40
END OF BORING

45

50

55

60
N' kl:lWS ClO.Nt:ItEOPVt FOOlrl A l-Cl~'~ f-"UJNG ltI_S

W' HolT\Jltll. _TUllE CClft1V<T • 'lo
Ou • lINCCIHflN[D COI PlIItssM STllOfOTl'1 • l S ,

Qp oc·'""TtOI"UET~IlEAOINQ·l&'
llo LJOUI) lMT

1" UTlNA lTO UHIT WEIGlofI ." e f
•• olHOl.E O#' lfffE.RNAl.. fllCTlON • llf:OIIEU
_ • W[IQt(T or .-JI

--_.~--~



ADVANCED SOIL ENGINEERING FILE NO. oo.'NG NO.

PAGE 1 OF 2AHV & ASSOCIATES

CORDEeo DISCOVERY BAY & MARINA

ESPiNAl WARD, AGUADA

,

3.0 FT.

41.
tH & UJl DI· CXB

GROUND WATER OEPTH

021'3102
02/13102

HOLlOW STEM AUGER

PO lOll U\1

ISAUl.A. ,." llO!IG

CUENT.
PROJECT:
LOCATION
GROUNDlEVEl.
DATE 5TARTED
DATE FINISH.
BOR1NG TYPE.

NWQuQp'f

.~~

•
, ,.

• U "

5 ,
"· '",. 2 " 507 233

15
3 37

•
20

Gray sand sorne lIlIt
25 " "

50 H_ 30

N • M.OW$ 0UJ\/EIlE0 P'EJlI'OOT IIY A lCl .... HoU&lE!l f"l1JNG Xl NCHES
W ......T"U!IAlIlO$'T\l!lE CQNTt/rIT .,

ou.~COUPRE$$IV(STItEHGTH. T'"

Qp. c;...,,-...1"lD il'EHf'TlIlc.ETER llEAOlPfO • l .. ,

u.. UllUIO \.MT

J. UTlMAnD UNlTwElOHT·" cr
•• AfIOlE OfF .m:FlNAl. rlllCTIO!j • DlOltUI

WH • WE.IGKT OIF HAtoNEIII

....................-..



• ADVANCED SOIL ENGINEERING FILE NO. BQRlNG NO.

po_un 410 5
l$A8E\A. po R _

TEl'~AAt30·_

CLlENT: AHV & ASSOCIATES PAGE20F2

PROJECT CORDECO OISCOVERY BAY & MARINA

lOCATION ESPINAL WARD, AGUADA

GROUNDlEVEL.
DATE STARTED: 02113102

DATE FINISH' 02113102
BORING TYPE HOlLOW STEM AUGER GRQUNO WATER DEPTH 3.0 FT.........,.,. ~ WATER • • ~ '" y • .- "

" "'.~ '"'"OIllY Mnd sorne sil{

" "35

.,
"4()

ENO OF BOR1NG

4'

50

55

60
N .....ows !JElNUIlEo 1'(11 '001.., .. lC1",_Il'~XI _. 1- E.STlloI/lTf.D UNIl WEIGHT ." e ,
w .....T\IRAI. _lUl'tl COHnNT ... • _......:Jl[ 0# lfftUaU.l. fRICTlON DlGlt[U

001 o lWCONflNEOCOl FUSIIY( ITItE.NGfH· T" _ • WEOfT 01' HAIlNEJI

Qp • Coll,.eR.<JU) PEHfintOlollll'lU: IlEAD1NG· T S F

U • 1.lQ\IlD lMT
PI • I'l.oUTlCrn NJEX



ADVANCED SOIL ENGINEERING FILE NO. BORlNG NO.

PAGE 1 OF 2

•

3.0 FT.

4'0

GROUNO WATER OEPTH

PO 80X 1313

ISA8EI.A. P.R I11III2

AHV & ASSOCIATES

CORDECO DISCOVERY BAY & MARINA

ESPINAL WAAD, AGUADA

02114102
02114102

HOLLOW STEM AUGER

CLlENT:
PROJECT:
lOCATION:
GROUND lEVEl:
DATE STARTED:
DATE FINISH:
BORING TYPE:

OESCRlPTlOH NWOuOpY

VIo.lUE

• u "

Ughl brown sand trace sltt

,
"

~ • '" '" '"
5 ,

"
" "
" "10

'5 " 20

35 18

20

"25

"conIillUe 30
N "IIl.OWSOEl.MREOPEl! FOOT lIY 1> l<lC1 LlI~ fl>UJNGXlINCHES

W .1UIT1JRAL_T\lIl[ COIlTVíT·"
Qu • UNCONFlNED CONPRESSIVE STJtEHGTH • T S ,

Op - e.t.tJeR,II, rEO PENETl'lOtETER RUDlHC· T 1l.1

LL • LlOUIO LMT

y_ ElmIMTElI UNlTWEIGHT. PCf

• "MlGlE 0# WTERIUIl. fRlCllOH • OEGo'lEES

vm" WEIGHT 0#~



ADVANCED SOIL ENGINEERING
GEoT[CfflOK;.o,l Cotl5UlTIHG fHGl."EfRS

CONCRETE OJ'lD MATEl\lAL lEsmoG \.AI5QflO.ToRlES

PO IlOX U.)
1l;A6ElA P R lDEI

GRAIN SIZE DISTRIBUTION TEST REPORT

~ - .. • ,....-.,..,.. .. ... r 111]100
1 11

~

,
, -J-

80 i'"
rl~~

w
z - •

~ I"- 60
f- I 11111 I

,
Z , 1w 40U ¡
'"w •

\$o. 20

~ f"-t ¡IJI HIO
0.01 0.1 1 10 100

GRAIN SIZE· mm

I
""·75 ...... "" GlVovEL -- "" 511.1 -~,

000 063 "" 366

"
"' .... ,ea O" 074 0« '" '" "3 829

:::!1m:~
GrlIY sand trace liIt "" A-Job

","", A}N '" "U'XOiI~

'- Cordeco~ B<rt RlI&lrt & MarIna, Esp!ll!l Ward, Aguada

,~~ Bo0SI No 1 (13'-28'), ~2and No5(13'-23')

."""", Teste<! by Edueroo Rodrtguez F'Iluf1I No_ ,
Checked by N&lson Mu/laz, P E Oale FebnJary \8, 2002



• ADVANCED SOIL ENGINEERING FILE NO. BORING NO.

PO eoxuu 41' ,
¡_LA. p" lXllI$l ftL &~..... IDD· 03111!1

CUENT: AHV & ASSOCIATES PAGE 2 OF 2

PROJECT CORDeCO OISCOVERY BAY & MARINA

lOCATION: ESPINAL WARD, AGUADA

GROUNOlEVEL.
DATE STARTED: 02/14102

DATE FINISH; 02114102
BORING TYPE. HQLlOW STEM AUGER GROUNO WATER DEPTH 3.0 FT.

~~~ ~" w."" " w ~ '" r • u "~ ~ ,~~

Ughl brown uncl trace siII

20 "35

Br-.vsn lira}' und trlICe sil! " "40

.. "45

" "50

" "55

" "ENO OF BORIOO 60
1l*IU)W$llEU\fVlEOPEJI rOOT I'I'.'CI ~ ~"f.lUJNGJIlINCHES yo Esr-flO\JMTWllGHT· pe'
w .....T\IIlAl _TlJRf COHTENT - 'lo •• NOQLE M If/llJlHAl '''ICTlllH - OEGMU
0... IoNCOHFINED cO' 1!t[$SI\/lO $T1IlEHOTll • T .. f _"wac»1T Of~

Qp * CAUlIIlATUI PEHETlIOloIIETtll RE.AOlIOG. T S f

U. • UQUIlI ..-r
P'I • PV4TlC1n' lNlIU



• ADVANCED SOIL ENGINEERING FILE NO. BORING NO.

PO 1IO~'3n 41. 7
ISoOaf.I.A, P 11 _ TEl. fU KIlI_CXB

CLlENT: AHV & ASSOClATES PAGE 1 QF <1

PROJECT' CORDeCO DISCOVERV BAY & MARINA

lOCATIQN ESPINAl WARD, AGUADA

GRQUNO LEVEL
DATE STARTED 021151'02

DATE FINlSH: 02/15J02
BORING TYPE: HOLLOW STEM AUGER GRQUND WATER DEPTH 3.0 FT.

-"~ ~" ..~ " • ~ .. y • ~ •
~ ~~ ,-

...... ..,doy , "., • '2

BrownIs/'llll1ly silty day l1Ke ww:l 5 WH "
WH "

0111, MfId tr1Iee Sil! 3 "'0

3 20

'5

,
"20

" "25

BrowNs/I gnIJ sane! tr.ce sIK " 20-- 30
H • lILaMI Dlll'llllED l'E.Il fooT IT • 'el UI HMUEII f.U.!NO:ID _!lo f" UTMUl:DUNlTweGHT·'CF
W • Nl'TUIV.L _TUI!'! CONnHT .... • • ANGU! ~..n'EIlIW. flllC"hQff· DlGIII[ES
a.._UHCOI+FltlEDCOIM'IlUSOYE ImEHan-t_ T I~ 'MI • Wt:1Oi'<T CW HAMWEIt

Op. CAUIRATEl) P'EHETRDMlTEJI ~OING' T S f

U. • UOUIlII.MT
~.~NJO:



"

7

. "
3.0FT.

PAGE 2 OF 4

410

GROUND WATER DEPTH

ADVANCED SOIL ENGINEERING FILE NO. BORlNG NO.

AHV & ASSOCIATES

CORDECO D1SCOVERY BAY & MARINA

ESPINAl WARD, AGUADA

02115102

02115102

HOllOW STEM AUGER

~o 1lQX131)

ISAlIElA p R CVXIS2

ClIENT:
PROJECT.
LOCATION.
GROUND LEVEL:
DATE STARTED:
DATE FINISH:
BORING TYPE:

" 21
35

" "40

45 20 "

20 "
50

" ,.
55

" "~ 60
N_IILOWS DfUYEREllI'UI 'OO,.V .. 1C1~ _lit 'AUMO.1D1NCH[1I ,. UTMO.Tl.Ot/MTWVQHT. peF
W _ NATuRAL IOSTVRE eoHTENT _"lo •• ANOU cw INTEAHAI. 'Il!CTIQfl • DfGllEEII

Qu - UNeONflNf.O CCIMP'IIESSIVE UlIEHGTM· , 11 F _ • WEJOtoIT cw "~,·.It

Qp • ~TEO PEHETRClIo§TUIIIEAOIHQ. , s,
u. • UClUIl L.MT
PI • P\,ASTlClTY lHOElI



• ADVANCED SOIL ENGINEERING FILE NO. BORlNG NO.

l' o IJOX '~lJ 41. 7
¡s.,t,lIll!lA p ~ _ T'El & fAX lIJO·lDII

CUENT: AHV & ASSOCIATES PAGE 3 DF A

PROJECT: CORDeeo DISCOVERY BAY & MARINA
lOCATION: ESPINAL WARD, AGUADA

GROUNO lEVEL:
DATE STARTEO' 02/15102

DATE FINISH: 02/15102

BORING TYPE. HOLLOW STEM AUGER GROUNO WATER OEPTH 3.0 FT.
~,- ~ w.~ , w ~ .. T • u "" ~ T~~

8rown1sh g"'y salid trace sl~

., 2'
65

,. 22
7.

" "7'

Gf8y -.l1OlM daylIY Iill " "80

" "85

" "- 90
N • 8l.OWS lll1J\oVtE.O POI FQOf av A ICllt HAIoeoIEII FolU..-.o XllHCttE.l y. UTNIlTf.D UMT WEIOI(f, pe'
W' NATUItoll. _llJIIE COIfTVlT·., •• olHOlI tw llITEllNoo,L FltlCT'ION· OflillEU
0..' UNCOHfltIEDt.OIoFII~STJtUtGTH • T S f _. Wf:1ClHlOf_
QpoCAl..BllATEO l"E1óE11'lOOE1(1I~.,. f

U • l.IOI.-:I LAn
Pl • PlASllCl1'Y lNDEll
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