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Appledore Island



Sustainability

e Allow SML to support its population

 Provide researchers, students, and
professors with what they need

e Have a limited impact on the island, and
help keep it similar for future generations



Overview




Alternative Energy
Monitoring










*Used to power UNH AIRMAP equipment year-round

*Can also power SML Dorms 2 & 3




Manipulating Solar Data

U,UuUu O OWS O U PDE
200808010000 6,0,0,120,87,0,53.1,2,1,MX-60#1,E,0,0,0,85,99,0,0,0,0,53.5,0,0, MX-60#2,F,
0,0,0,84,99,0,0,0,0,53.5,0,0,Inv#1,1,5,0,0,121,123,0,2,0,1,53.2,24,0,Inv#2,2,0,0,0,119,16,0,1,0,1,52.8,24,0,Inv43,3,1,0,0,120,122,0,2,0,1,53.2,24,0

200808010001 10,0,0,119,87,0,54.3,2,1,MX-604#1,E,0,0,0,96,99,0,0,0,0,54.5,0,0,MX-60#2,F,
0,0,0,96,99,0,0,0,0,54.5,0,0,Inv#1,1,9,0,0,121,123,0,2,0,1,54.4,24,0,Inv#2,2,0,0,0,118,18,0,1,0,1,54.0,24,0,Inv#3,3,1,0,0,119,121,0,2,0,1,54.4,24,0

Date kWh/day Array 1 kWh/day Array 2  Sun Light (kWh/day for each array) Efficiency Array 1 Efficiency Array 2
8/1/08 0:00 10.1 10 120.9492007 8.350613267 8.26793392
8/2/08 0:00 3 3 35.88706274 8.35955849 8.3595584
8/3/08 0:00 7.5 7.1 80.2827433 9.341982712 8.84374363
8/4/08 0:00 10.7 10.5 120.0118216 8.915788343 8.74913809
8/5/08 0:00 9 8.8 96.61374365 9.315444843 9.10843495
8/6/08 0:00 1.3 1.3 17.08051592 7.611011319 7.61101131
8/7/08 0:00 5.2 51 57.77690895 9.000135339 8.82705581
8/8/08 0:00 8.3 8.2 97.34485885 8.526387626 8.42366006
8/9/08 0:00 13.8 13.6 153.2151239 9.006943733 8.87640831

8/10/08 0:00 10.6 10.4 120.6407081 8.78642058 8.6206390
8/11/08 0:00 2.2 2.2 26.42725908 8.324737701 8.32473770
8/12/08 0:00 5.6 5.4 65.65510385 8.529420672 8.22479850
8/13/08 0:00 14.1 13.6 142.5279776 9.89279455 9.54198623
8/14/08 0:00 7.3 7.1 81.7770188 8.926713283 8.68214579












June 2009 PV kWh Production
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June 2009 PV Efficiency
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Questions?

Comments?



Data Acquisition
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System Design




SML Freshwater Data Collection System
Flow Diagram
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Process Key

_— Wired Data Flow

_— Digital Control Data Flow

Radio Transmitted Data Flow

Web -based Data
Processed Data (internet)

Notes

SCADA might be unnecessary depending on PLC
PLC most likely located in the Radio Tower




Sensors




Spread Spectrum Radio




Flow Sensors

*Accurate to 1.6gpm for 2" pipe
*Electronic readout on top



Water Level Sensors

WL400 Water Level Sensor

Submersible Pressure Transducer For Level & Pressure

High accuracy and reliability

Completely submersible sensor and cable
Compact, rugged design for easy installation
Minimal maintenance and care

Sensor compatible with most monitoring
equipment

4-20mA output

Vented cable for automatic barometric
compensation

Multiple ranges available from 3’ to 250°
Wet-wet sensor eliminates vent tube concerns
Dynamic temperature compensation system
Not affected by foam, wind or rain

Monitors levels in groundwater wells, rivers,
streams, tanks, lift stations and open channels



Chlorine Residual Sensor

*Siemens SFC Controller
*Free Chlorine Module



Controller
Phoenix Contact ILC 170



Questions?

Comments?



Gray Water




suondQ surysny,




Flushing Survey Results

Our week long survey asked people to make a check mark when they flushed

Average Daily Freshwater Usage Per Capita= 24.67 gal/day

Average Daily Gallons Flushed Per Capita= 10 gal/day

40% of freshwater usage goes to toilets

Eliminating freshwater flushing will reduce dependence on R/O in dry season!



Gallons Flushed per Day For the Entire Island

Sunday 6/28 Monday 6/29 Tuesday 6/30 Wednesday 7/1 Thursday 7/2 Friday 7/3 Saturday 7/4 Sunday 7/5

EW




Gallons Flushed per Week by Building

Total = 4176 gallons/week

Dorm1- Dorm 2 - Dorm 3 - Dorm3- Commons- Commons- Founders Bartels Hamilton Grass Lab
Men Women Women Men Women Men *Low Flush
1.6 gal

Facility




Rainwater Collection




Existing Bartels Cistern

*Most likely left over from the
Lifesaving Station

e Two chambers side by side

* Dimensions of each cistern:
9’x6’x5.5’

e Total volume of 4,443 gallons



Bartels Rainwater Collector




Determining Runoff

eCalculated runoff in two ways:
-paper (shown left)
-using rainfall data

*1470 gallons per month (95%
rainfall collected)





















Crystal Lake

e Large freshwater basin

e Historically had many uses
 Wildlife



Determining the Area

*Used topographic map of the
island to determine area

*Assumed a depth of 2 feet

*Found an area of 22,187.5ft?



Crystal Lake Experiment

* Looked at feasibility of using the lake as a
water supply

eInquired about the structure of the lake

*Tried to determine the effect of withdrawing
water from the lake



Building a Model

*Tried to factor in evaporation and
rainfall

*Assumed no input or output

*Used topo map to estimate rain
basin



Gauge Reading (in)
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Crystal Lake Control

Goal:

Observe Crystal Lake’s natural water level fluctuations



Water Leve Fluctuations: Control
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0180(%o) Isotope Ratio of Groundwater on Appledore Island
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Fig. 7. Variation in 880 (%o) isotope ratio of water sampled from three locations on Appledore Island, ME. Ground water pumped from
the SML well was sampled between 6/14/2007 and 2/21/2008. At Broad Cove, groundwater from a 2 ft. depth was sampled three times
from 6/14/2007 to 7/1/2007. Surface water in Crystal Lake was sampled from 6/14,/2007 to 2/21/2008.

The amplitude of variation in these ratios is used as an indicator of the water's residence time Crystal Lake shows variability characteristic
of low residence time, while the SML well displays a longer residence time, as compared to Figure 5.

Data and graph courtesy of Jonathan Felch, and Dr. Matt Davis, UNH, 2007.



Crystal Lake Summary

*No record of lake going dry *Crystal Lake has Input
and Output
*Low residence time
*Would be suitable source
*Experimental Results for toilet water

eLake Ecology



Reuse of Existing Equipment




SML Crystal Lake Water System Flow Diagram

SML Crystal Lake & Graywater
Water System
Flow Diagram
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—l Water Flow pactty gray

> Switch Controls Existing salt water lines to toilets utilized to carry water

If overflow tank is used, switch must be manually operated to drain water
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Considerations

*Existing wastewater pumps would be
more than sufficient for Crystal Lake



Pump Location

Required Buoy Diameter
1
3
diameter = 2(3_m)
270
diameter = .6meters~1.8ft

Existing buoy will suffice!




Grey Water Flushing




SML Crystal Lake & Graywater
Water System
Flow Diagram
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Low Flush Toilets




Weekly Water Usage for Toilets

H Low Flush

® Regular Toilets

Dorm1- Dorm1- Dorm2- Dorm2- Dorm3- Dorm3- Commons-Commons- Founders Bartels Hamilton GrassLab
Women Men Women Men Women Men Women Men *Low Flush
1.6 gal

Facility




Wastewater Testing

*Placed control well (shown),
and test wells around leach field

*Surveyed wells, and determined
flow of groundwater

*Tested wells for fecal coliforms

*Also tested existing wells by K-
House leach field



Water Flow Direction

Groundwater
Level: -50.4”

Groundwater

Level: -42.0”
Groundwater
Level: -21.1” wen | T x \ \

Groundwater
Level: -28.3”

Leach Field Flow Direction

sy Groundwater Flow Direction



Leach Field Fecal Coliform Count

Test 1: 500
Test 2: 560
Test 1: 950
Test 2: 490 J

Test 1: 10 d
Test 2: 4,600
% Test 1: NR
Test 2: 1,830,000

Test 1: NR
: Test 2: 15,600

Count = coliforms / 100 mL
NR = Count not Readable




K-House Composting
Toilet Testing




Composting Results



Questions?

Comments?



Energy Conservation
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WHAM

Water Heater Analysis Model




Sources of Data

Are You Using Hot Water?

S u r b e y S p 1 a C e d b y all Your beloved engineering interns are working to determine how much hot

water is being used.

If you can write down approximately how long you use the hot water, we

sinks with hot water

Thanks, Dan, John, Josh, & Anna.

Information from
manufacturers

Estimated values



Founders Water Heater

e 40 gallon tank
 10kWh draw per day

e Usage of 5 minutes per
day

e Costof $4.30 per day

e Top floor sink takes
nearly a minute get hot



Daily Kilowatt-Hour
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‘On Demand’

VS.
Existing Water Heater

Energy Usage vs. Daily Use: Palmer-Kinney

Existing Water Heater

On-Demand Water Heater
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Cost Savings

Cost Savings

$450.00
$400.00
$350.00
$300.00
$250.00
$200.00
$150.00
$100.00

$50.00

$0.00

Cost Savings vs. Minutes Used:

Palmer-Kinney
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Cost Savings per year is $300-
$400 per year depending on
usage (based on three months of
usage)

eAssumes $0.43 /KW-hr
*Also assumes comparable usage

eLarge spike in power
consumption



Kitchen Power Draws

Toaster

Icemaker

Walk-In Evaporator Fans

Freezer Fans

Reach-In Fridge

Freezer

Walk-In Refridgerator

1.46

1.745
1.68

2.18

0 0.5

2.5

& Advertized Draw (kW)
& Measured Draw (kW)



Other Large Power Draws




Ceiling Occupancy Light
Sensor




Questions?

Comments?



Freshwater Pressurization
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e Current tank volume is approximately 840 ft3

e Supplies about 1200 gallons of fresh pressurized
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 Needs replacing because the tank is corroding




Freshwater Usage
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Freshwater Usage
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Pressure Tank Size

Courtesy of Handbook of Public Water Systems, Second Edition



Variable Frequency Drive












Questions?

Comments?



Pipe Replacement




Sewage Pipe Replacement

*SML wants to replace existing concrete
wastewater pipe

*Determined best size for a new pipe



L

1,455

GPD




Manning's Equation

149 [0 —sin(@) _.1/3 [(px67 /3 s
* [ ] % [ ] * S
n ) 38 2

Island daily flow is 1455 gallons

4 inch pipe flowing at maximum capacity (1/2
full) can contain a flow of 6902 gallons/day

6 inch pipe flowing at maximum capacity (1/2
full) can contain a flow of 20350 gallons/day

Peak flow is 750 gallons/hr



Suggestions for Future Projects
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And Many, Many, More.......
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