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US Virgin Islands Overview

1917 US territory
* Population 100,000 e
o STX:28Mix7mi, STT: 13 mix4 mi Bk e
 \Water Distribution
— Only 70% of residents on utility water e
— Alternate water: water trucks + cisterns

— STX separate from STT/STJ system
— STX system losses: 40%

 Fun fact: Drive on the left!
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*vulnerable to low pressure conditions from pumping outages

Motivation: Hurricanes in the USVI

» 2017 Hurricanes Irma (Sept 6.) and &%t 77, +
Maria (Sept. 20) G s 2

 Emergency generators for pumping
lasted 3 months

* 90% of power restored by Jan 1,
2018

cisterns, buried power |
lines

power generation,
power lines, pumping stations, pipes®
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Water Network Tool for Resilience (WNTR)

* Open source Python package
 Compatible with EPANET

* |teratively solves the constraint-
satisfaction problem of resolving pipe
pressures flows

* Some out-of-the box resilience analyses:
— Water age analysis
— Peak ground acceleration (earthquakes [2])
— Power Outages
— Pipe Criticality
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St. Croix WDS Model Building

VIWAPA Data
*Node and Pipe configurations
*Demands
*Valves

VIRGIN ISLANDS WATER AND POWER AUTHORITY
WATER DISTRIBUTION SYSTEM MASTER PLAN

December 2019 VIWAPA Master Plan
*Pump operation and curves

*Storage tanks
*Controls

USGS Elevation raster
*Asset Elevations
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St. Croix Standard Operating Conditions

Pressure at hour 36 (psi)
Flow rate in pumps (gpm) Tank water level (m)
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St. Croix WDS Pipe Criticality

Are some pipes more
Important to preserving
pressure than others?

Scaled Node Outage Impact

Pipe Criticality Analysis

Do some geographic regions
have less pipe redundancy?
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St. Croix WDS Pump Outage Vulnerability

After reaching steady state,

how well does the system Pumping Station | Junctions Losing
maintain pressure with no Outage Pressure
pumping? Richmond

Concordia
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Which pumps are most
critical for maintaining
system pressure?
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St. Croix WDS Pump Outage Vulnerability

After reaching steady state,
how well does the system Pumping Station | Junctions Losing
maintain pressure with no Outage Pressure
pumping? Richmond

Concordia

Pressures after a 2-day Power Qutage
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Which pumps are most
critical for maintaining
system pressure?
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Conclusions and Future Work

Challenges in the USVI: threats and mitigation logistics
Model building in WNTR

Resilience Analyses:
— Pipe criticality
— Pump Outage
— Hurricane hardening
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Conclusions and Future Work

« Challenges in the USVI: threats and mitigation logistics
 Model building in WNTR
* Resilience Analyses:

— Pipe criticality Which system components should be
— Pump Outage fortified to optimally protect against
hurricanes?

The centralized (WDS) or decentralized
(Water Trucks) system?
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Formulation: Variables

* Time Horizon T

Nodes Links
« Tanks T * Pumps P
» Reservoirs R « Valves V
« Junctions J  Pipes L

* Nodes N =TURUJ =+ Edges&E=PUPVUCL

* Pressure head p;; for « Head change h,, fork €
I EN,teT ELET

. Wal_:er truck supply w;; Flowrate ¢, fork € E,t€T
fori e N,teT «  Pump power m, fork € P
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Formulation: WDS constraints [

5 . . .
Y Crec @™ D — Xres @ Dqre) + vie-1y =pie VIiET,t €T (2:tank head)

Rt < CR(q1)* + CE(qre) + CP vk eP,t €T
(3: pump operation: pump curve)

Re=0i+e)—(pe+e) V(Qj)=keVteT (4: valve setting)
hie = F (et )? VkeLteT (5: friction losses)

13
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Formulation: WDS constraints [

hie = (Dic + €i) — (P;‘t + éjt) V(i,j)=ke&teT

my = f}—ghmqm Vk e P, teT
k
pie = pi™" VieJ,teT

hkt = Or Pit = 0! ikt = 0!
wir =20,m, =20 VieEN,k €eELET

(6: head change along edge)

(7: pump power consumption)

(8: pressure minimum)

(9:nonneg§§vﬁy)
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Formulation: WDS and Water Trucks

Max Water Service Availability (WSA)
=EtET Zie,j‘[ZkeE a+ (i){fh’{. o Zkeg a (i)(]f{it + Wit]/dit

s.t.
Yree @ DG — Lpee@ D twiy <djy Vi€EJLET
(1: conservation of flow)
(2-9: previous constraints)

Yrep Comy + Bieg Teer CPwie < b (10: budget constraint)

15
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