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Coral Reef Protection

 The Guanica watershed has gone through many changes,
including agricultural and municipal growth

* Landuse changes have altered the quantity and quality of
water flowing into Guanica Bay

e Concern over effects on coastal corals led to a US Coral Reef
Task Force initiative to reduce watershed pollution




Guanica Bay Watershed
Management Plan: Proposed Actions

Guanica Bay Watershed
Shade-grown coffee Management Plan

A Pil oject for Watershed Plann

ning in Puerto Rico

Dredging reservoirs
Lagoon restoration
Hydro-seeding
Riparian planting

Remove relic irrigation
WA




Southwest PR Project :
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be focused on sediment from
the Rio Loco or from the Lajas
Valley Drainage (Return) Ditch?




Freshwater Habitat Eorsi Bents

Hydroelectric

Flood Control Waste Water Dilution




What is the Life Expectancy of Lago Lucchetti?

Most Reservoirs in Puerto Rico are % filled with sediment,
placing at risk the many ecosystem services they provide

How long can LL
provide current
and future
services?

How will
management
options affect LL
life expectancy?
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Sediment Balance Model

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

To estimate the amount of water and sediment delivered
through tunnels into successive reservoirs




USLE Sediment Model

Erosion Land Use Type
\ Coffee
\ I Forest
\ I Grassland
\\ = Siream
Sediment Delivery \\
Ratio =~ _ )|
~> Sediment
Delivery

(m3/yr)



Watershed Sediment Delivery to Lago Lucchetti

Annual Precipitation (mm)

Annual Precipitation (mm)

Oto 1418 187
1518101897 3472
1897 to 2276 3472
== 2270 15.9

Oto1418 0
1518 to 18497 0
1897 to 2276 0
== 22T 100

1810 + 560

2470+ 110

Total Sediment Delivery (m3iT)

Oto1.4eh 2.02
1.4e5 10 1.8eh 7.35
1.8e4 10 2ed B.26

Zedto2es 4.44
21e5to 2 2es 5.79
2.2e5t0 2 365 7.
2.3e5t0 23525 4.03
2.35e5t02.4eh 364
24ehto 2455 308
2A45e5t0 255 309
2.48e510 2555 358
2.85e5t0 2 Eed 363
26e5to 26525 347
265e5t02.7e5  3.30
2.7e5t0 2 8ed 7.35
2.8e5t0 2955 9.5
2495e5t0 315 B.B0O
3.1eb 10 3.3e4 5.54
3.3ebt0 3.7eh 5.86
3.7ebto 4855 1.56
== 4 Bheh 007

Total Sediment Delivery (m3AT)

251000 + 55000

0t 1.4e5 08
1.4e5101.8e5 005
1.8e5t0 2eb 005
2ebto21es 004

21e5t0 2.2e5 005
2.2e5102.3eb 006
2.3e510 23585 003
2.35e5t0 2405 003
24eht0 2 4505 004
245e5t0 2585 004
2.5e510 2555  .004
2.55e5t0 2605 004
26e5t0 26505 004
2B5e5t0 2785 005
27e5t0 2.8e5 072
28e5t0 29505  B.37
295e5t0 3185 167
31esto 3.3e5 a0z
3.3ebto0 3.7eh a6.8
3.7e5t04.85e5 474
== 4 B5ef 116

Bayesian Belief Network

336000 + 39000

* Limited data

* High uncertainty

* Expert opinion

 Multiple objectives
and decisions

* Project scaling




Water Flow From Upper Reservoirs et e b
T 773 0to 1518 187
A Py 1518101807  34.2
ik e 189710 2276 34.2
d : == 2776 159
J6) & 28 1910 £ 560
l N
.,
\\
Total Inflow of Water (Mm3) N [ fotalSediment Delivery (m3yr)
Ot 20 170 \\ Nto1.4e5 0.88
10010130 106 2 78510 2 365 773 Sediment From Upper Reservoirs
i e 23e5102.35¢5  2.06 0ta 2500 264
AR adn 735510 24e5 .06 2500 ta 5000 793
1606180 1.5 74e5102.45¢5 374 5000 to 7500 13.2
et e 245510 25¢5 418 75001010000 185
=i = 25510 25525  4.41 1000010 12500 21.8
2550510 0 6e5 458 1260010 15000 17.2
836+ 38 . 26510 2.65¢5 4.8 1500010 17500 11.6
Total sediment | 2655t 2705 345 175001020000 6.09
) 27e5102.005 414 == 20000 10
Total water delivery to LL | ;gestioses 106 e dai
i 7055103 1e5 130
flow input to LL 1185103365 9.53
13e5103.7e5 118
17e5104.05¢5  4.06
== 4 355 014
278000 £ 60000




Water Flow From Upper Reservoirs Annual Precipitation (mm)
T = 001518 157
Aiage 53 1518101897 342
High 336 1897102276 342
L - >= 2276 159
49.1lx 26 1810 + 560
2010 40
4010 60 Sediment Trapped in Lago Lucchetti (m3bn
6010 80 0w 0.025
8010 100 0.025 1 0.05
100t0 120 0.05 10 0.075
16010 180 0411 0.12
1801to 200 0421013
>= 200 ] 0438 0.44
836238 0141015
015 0.16
0464 047
0471 0.18
0.18%0.13
013%02
028021
0218022
020023
0230024
024% 025
0.25% 0275
0275%03
0300325
032510 035
/ 03510 0.375
0375804
il >e0.4
End Water Storage Capacity (T1) (Mm3) 024520051
Oto 115 64) |
11510 11.55
115501186
116101165
11.65t011.675
1167510117
11.71011.725

1172510 11.75
11.751011.775
1177510118

11810 11.825

11.82510 11.85
118510 11.875
11.87510 20.35

11542087

Accumulated sediment
reduces reservoir storage
capacity

Trapping efficiency affects
the amount of incoming
sediment that accumulates

in the reservoir

0to1.4e5
1.4e5t0 1.8e5
1.8e510 2e5
28510 2.1e5
21e5t0 2.2e5
2.2e510 2.3e5
2.3e510 2.35e5
2.35e510 2.4e5
24e510 2.45e5
2.45e510 25e5
25850 2.5505
2558510 2685
26e5to 2.65e5
265510 2.7e5
2.7e5t0 2.8e5
2.8e510 2.95e5
2858510 3.1e5
318510 3 3e5
3.3e5t03.7e5
3.7e510 4.85e5
»= 4 §5e5

Sediment From Upper Reservoirs

0to 2500

264

2500 to 5000 793
5000 to 7500 132
7500to 10000 185
10000 to 12500 218
12500 1o 15000 172
15000 to 17500 1186
17500 to 20000 6.09
>= 20000 10
10800 £ 4500

278000 £ 60000




Water Flow From Upper Reservoirs

Annual Precipitation (mm)

Loy 22.2
Average 541 -}
High 236
481 = 26
k J

Total Inflow of Water (Mm3)

0to 20 1.71
2010 40 7.82
40 to B0 153
G0 to 80 26.3
g0to 100 243
100 to 120 10.5
12010 140 6.84
14010 160 337
16010 120 1.97
18010 200 1.13
== 200 1.58

23.6 £ 38

Drmng.
T g
o %
—_— e i -
| R =
Hydroelectric )
»
End Water Storage Capacity (T1) (Mm3)

Oto11.8 1.64
11.5t011.55 264
11.585t0 116 17.4
11.6t011.65 41.2
11.65t0 11.674 19.8
11675t 11.7 960
11.7to11.724 4.88
11. 72810 11.75 1.72
11.7ato 11.774 0.38
11.77ato11.8 017
11.8t011.825 017
11.8251011.85 017
11.85t0 11.875 017
11.87510 20.35 035

Oto1518 18.7
1518101897 34.2
1897 to 2276 34.2
== 2276 15.9

Lucchetti Coffee Soil Loss (m3iT)

1810 = 560

-

Sediment Trapped in Lagoe Lucchett m3ha)

Y

Y

0o 0.025 017
0.025 o 0.05 017
0.05 to 0.075 017
0.075 1o 0.1 017
0110 011 a7
01110 0.12 030
01210 043 0.5
0130 0.14 059
0.1¢0 0.15 059
015t 0.16 0.9
0.16 10 0.17 17308
0.17 10 0.13 270
015 0.19 331
01910 0.2 3.0
0210 0.21 5.00
02110 0.22 770
02210 0.23 961
0230 0.24 964
02410 0.25 8.50
02510 0.275 205
027510 0.3 129
0.3 10 0.325 6.72
0.325 10 0.35 179
035t 0.375 1.02
037510 0.4 0.47
>=04 057
0.245 + 0.051

¥

Reservoir Life Expectancy (Yrs to 0)

=0
Oto10
10 ta 25

11.54 £ 0.87

) |

25to 50
S0to 75
¥5to100
== 100

a
0.55
0.a7
S9.0 ——
SE.5 m——
212
0.53

48217

0 to 50000 .ang
50000 to 3e5 204
3e5103.59e8 4.01
3.59e5to e g.a0
4510 4,928 13.7
4.8e5t0 Ges 18.2
fe51059.9e9 19.4
5.9e5t0 Ged 15.6
Ge5to G.9ed 10.0
G.SeSto Ted 5.349
Jesto 7.5e8 211
7.8e5t0 Bes 0.649
Se5t08.5e5 014
5.5e5t0 9e5 033
9e51t09.525 013
952510126 .ong
== 1eh .00g
507000 110000
v
Total Sediment Delivery (m3ir)
Oto1.4es 0.8
1.4e5101.8e5 2.349
1.8e5t0 2es 4.81
Zefto 21es 364
X 1eato 2.2e5 311
2 2eato 2.3e5 223
2 3eato 23585 206
2 36e5to 2.4e5 306
Fdeato 24585 374
dae5to 2585 418
P aeato 25585 4.4
2 ARAeSt0 2. 6eS 454
2 HeAto 26585 428
2 HAeSto 2.¥e5 344
27eA10 2.8e5 414
28efto 20955 106
285e5t031e5 130
31eht0 3.3e5 953
3.3eato 3.7es 11.9
37edto4.85e5 406
== 4 B5e5 014

Coffee Production

Sediment From Upper Reservoirs

0to 2500

2500 to 5000
5000 to 7500
750010 10000
10000 to 12500
12500 to 15000
15000 to 17500
17500 to 20000
== 20000

2.64
7.93
13.2
18.5
21.8
17.2
11.6
6.09

1.0

10800 £ 4500

278000 + 6O0O00

¥
Effluent Sediment (m3ir)
=1ei 067
1efto Zes 141
Zefto 2.25e8 12.9
225e5t0 285  21.0
2he5to2.75e5 184
2.75e5t0 3es 16.3
== 3ei 16.6

Downstream
habitats




Management Actions

Lucchetti Coffee Soil Loss (m34T)
0to 50000 009
50000 1o 3e5 2.09 1
32610 3.505 .01 Coffee Conversion
3.5e6 to 4eh g8.50
3955 150;1-292 1 g; Conversion Implementation |
iDi i LJED 10 De .
Water Flow From Upper Reservoirs Annual Precipitation (!"'“) 58510 5 585 10.4 Status Quo i
T 322 Oto1518 187 5 585 10 Be5 156 Fartial Implementation
by ' 1518101897  34.2 : : =1 Full Implementation
VErage 541 = 180710 2276 34.2 = Fe5to 6.5e5 10.0
High 236 - : B.5e4t0 Teh 539
>= 3276 15.9
481 + 26 - Tehto 7. aes 211
1810 £ 560 7.5e5 10 Bk 0,569
Be4to B.5e4 018
Y 852510 9eh 033
Total Inflow of Water (Mm3) 9e5tn 9.5e5 013
Q5e5ta1eh .ooa
Oto 20 1.71
20t 40 7.92 =158 LU
4010 B0 15.3 Sediment Trapped in Lago Lucchetti fm3hymy 07000 110000
G0 to 80 26.3 0o 0.025 017
80t 100 243 0.025 1 0.05 0.7 Total Sediment Delivery (m3Ar)
100to 120 10.58 005t 0075 047 0101 465 053
120t0 140 5.84 0075 10 0.1 017 0 OeEnq GeE DR
10tote0 93 0110 011 o7 1.885 10 25 181
160to 180 1.97 0A1to 042 050 2;35102195 3'54
180to 200 113 04240013 025 DB DoeE  E4<
== 200 1.58 04310 0.4 0.58 7 26510 2 385 293 Sediment From Upper Reservoirs
E2LB S 3 P bt 23e5102.35e5  2.06 Oto 2500 264
0.161330.1? 1.?3I 2.35e510 2,425 306 250010 5000 7.93
Start Water Storage Capacity (T0) Mm3 0.1?13: 0.18 2'?0 u 2d4eqto 24588 374 4000 to 7500 13.2
Construction 1952 ] Pt o 2458510 2.565 418 7500 to 10000 16.5
Survey 1686 0 S [t 2 - 256510 25585  4.41 La—| 10000to 12500 218
Survey 2000 a D240 051 e 2558510 2,605  4.54 125001015000 17.2
Dredge 2000 0 T e 2fefto 26528 4.28 15000 to 17500 11.8
0.221300.23 9'51 265e5to2.7ed 344 174800 to 20000 6.09
. . Ul23b30l24 9l84 2¥e510 2 8eh 414 == 20000 1.0
Reservoir Dredging |susoz Zoatmamer 10t 10800 % 4500
0.251330.2?5 265 295e5t03.1e5 130
=iy ey 31efto3.3es 943
0.3110032.5 B?.E 33eft037es 11.9
: ’ : 37eqt04.85e5 406
] 032510 0.35 178 e 4 B ot
 |nasmoars 102 : :
// 03751 0.4 047 278000 + GOO0O
¥ P =04 0a7
End Water Storage Capacity (T1) (Mm3) 0246 £ 0.051
0ta115 1.64
11.51011.485 264 ¥ ¥
1125130‘1?1162 11; Reservoir Life Expectancy (Yrs to 0) Effluent Sediment (m34r)
: p . =0 0 =1e5 0.67
11.65t011.675 19.8 18510 265 141
1167510 11.7 950 Ot 10 0.58 Ealn2e :
11 71011735 1EE W 1010 25 087 2ebto0 2. 2heh 1249
11.7"25 1o -11 75 1'?-2 = 251050 590 p— 225eqto 2525 210
11.?51 11 '.".'."5 0-38 s0to0 75 366 m— 250510 27525 184
RARSHS : 75t0 100 242 2756510385 163
11810 1 835 017 =100 08 = 365 166
Bto11. . 2
11.826t011.85 017 Wy 246000 + 54000
11.85t011.875 a17
11.87510 2035 035
11.54 £ 0.87




Management Actions

Lucchetti Coffee Soil Loss (m34T)
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10tote0 93 0110 011 o7 1.885 10 25 181
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E2LB S 3 P bt 23e5102.35e5  2.06 Oto 2500 264
0.161330.1? 1.?3I 2.35e510 2,425 306 250010 5000 7.93
Start Water Storage Capacity (T0) Mm3 0.1?13: 0.18 2'?0 u 2d4eqto 24588 374 4000 to 7500 13.2
Construction 1952 ] Pt o 2458510 2.565 418 7500 to 10000 16.5
Survey 1686 0 S [t 2 - 256510 25585  4.41 La—| 10000to 12500 218
Survey 2000 a D240 051 e 2558510 2,605  4.54 125001015000 17.2
Dredge 2000 0 T e 2fefto 26528 4.28 15000 to 17500 11.8
0.221300.23 9'51 265e5to2.7ed 344 174800 to 20000 6.09
. . Ul23b30l24 9l84 2¥e510 2 8eh 414 == 20000 1.0
Reservoir Dredging |susoz Zoatmamer 10t 10800 % 4500
0.251330.2?5 265 295e5t03.1e5 130 =
=iy ey 31efto3.3es 943
0.3110032.5 B?.E 33eft037es 11.9
: ’ : 37eqt04.85e5 406
] 032510 0.35 178 e 4 B ot
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// 03751 0.4 047 278000 + GOO0O
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Management Scenario | Effluent Sediment | Reservoir Expected Life | Coffee Soil Loss
(x10°> m3/yr) (Years to 0) (x10° m3/yr)

Status Quo 246+ .54 48.0 17 5.07+15
Partial Coffee 2.34+ .55 51.6 £17 3.91+1.0
Full Coffee 2.19+ .56 56.0 +18 2.50+1.0
Dredge Only 2.45 .54 70.6 £23 50715
Dredge & Partial Coffee 2.33+.54 75.7 £23 391+£1.0
Dredge and Full Coffee 2.18 £. 56 81.3 £22 250+£1.0

Dredging is most effective for extending reservoir life expectancy
Conversion of coffee is most effective for control of soil loss



Next Step: Extending the Model to Rio Loco

Total Sediment into Lucchetti (m3)

Sediment Trapped in Lago Lucchetti (Mm 3

011 0.025 157
0.025 10 0.05 1.5
0.05 1 0.075 202
0.075 10 0.1 202
011 0.11 0.1
01110 012 0.5
04210 0.13 0.7
0131 014 1.03
0141 0.15 117
0151 0.16 143
01610 047 1.4
0171 0.1 235
01310 0.1 3.8
019102 373
0215 0.21 442
02110 0.22 474
02210 0.23 531
0310 024 554
02410 0.25 5.49
02510 0.275 107
027510 0.3 8.04
031 0.325 5.51
032510 0.35 574
03510 0.375 540
037510 0.4 575
=04 9.78
0.257 + 0099

Annual Precipitation (mm)

Oto 1518 159
1818101897 341
1897 t0 2276 3441
== 227h 15.9

1810 £ 560

Water Flow From Upper Reservoirs
Loy 223 :
Average a4 .1
High 236

48.1 + 26

0to a0000 287
0000 to 75000 1.84
7500010 1ea 1.84
1edto1.25e5 1.84
1 .gggstcﬁ 1?'232 ;gg Loco Watershed Sediment Yield m3/km2iyr
1.75e8 10 285 425 0o 1000 100
2ehto 2.25e5 7.34 1000 to 2000 10.0
2258510 2585 Q.97 2000 to 3000 10.0
25e5t0 27888 121 3000 to 4000 10.0
2 75e5t0 385 117 4000 to 5000 100
3eqto Aes A0 6 5000 to 000 100
= §e5 108 000 ta 7000 10.0
7000 to 8000 10.0
_ 284000 + 120000 £000 to 9000 100
== 8000 1000
5000 + 2900
Y ¥
Effluent Sediment to Loco (m3) Sediment Trapped in Lago Loco (Mm3ir)
Oto 1000 AN Oto0.024 11.2
1000 to 25000 6.6 0.02510 0.05 159.3
2500010 50000 17.0 0.05to 0.0745 204
4000010 1e5 9.61 0.075t001 19.48
1ehto 2e5 277 01to0.11 6.86
== 785 023 01110012 5.92
012ta 013 4.84
27000 = 32000 \ 013ta014 375
f 01410 0.15 2.75
015to 016 14920
Overflow Through Tunnel (%) 016ta 07 1.27
Oto 10 185 017to018 084
10to 25 q.772 018to0149 0.55
25 ta 50 4.7 019to0.2 0.35
A0ta 75 45.4 0.2t00.21 022
7510 90 833 0.21t00.22 014
90 to 100 0 0.22t00.23 084
0.23to0.24 052
e 2 0.24 to 0.25 033
* 0.26 to 0.275 041
0.275t0 0.3 016
Loco Total Inflow of Water (Mm3) 0.3to 0325 noT
Ota 20 T4z 0.325100.35 004
2010 40 272 0.35t0 0375 .00z
4010 B0 a0z 03751004 .00
8010 80 0.0 =y 003
5010100 g.7d v 0.0771 + 0.044
10010120 3.56 ¥
Hgig 1 gg 10-?3 Loco Start Water Storage Capacity (T0) M...
160ta 180 0.3z 240 (1951
18010 200 01z 1.43 (1986)
== 200 056 0.87 (2000)
530439 0.87

22
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Scenarios

Decisions
Sun-Grown = Shade-Grown Coffee

Stressors

Models of sediment delivery

W& GSSHA

land cover

precipitation

T b TN . '
; = e
- f"f"’"‘?:;."

relative erosion
potential

& 7
P
slope

e

solls

Coastal ecosystem

Scenario Evaluation

Effects of decision options on
stakeholder objectives:

Tourism economy

Fishing economy
Agricultural economy
Human health
Recreational opportunities
Hazard protection
Ecosystem integrity

Natural structure & function of biotic community maintained

-Coral
-Seagrass
-Mangroves

structure and minimal

Biological Condition

‘ Ecosystem Services

ES Production Functions
Coastal & Terrestrial
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