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Water Conservation Auditing 
Presentation Contents 

 GEOG 4350 Water Resources and Management 

 Faucet Survey Methodology 

 Survey Results 

 Survey Recommendations 

 Suggestions for Future 
 

 
 
 

 

 
 
 
 

  
 
 
 



 
           

Cal State East Bay Profile 
 Three campus 

locations – 

Hayward, Concord, 

Oakland 

 Almost 1,300 FTE 

employees 

 Almost 14,000 FTE 

students 

 
 

 
 
 

 

 
 
 
 

  
 
 
 

Hayward campus water use (Master Plan p61) 



 
           

GEOG 4350 
 Recognizes water sector 

as career prospect for 

grads 

 Covers broad range of 

material related to water 

management and use 

 History, hydrology, 

infrastructure, quality, laws, 

efficiency, etc.  

 Key focus = conservation 

 
 

 
 
 

 

 
 
 
 

  
 
 
 



 
           

GEOG 4350 
 “Flipped” Class - all lectures at 

home via Voicethread 

 All class time devoted to 

discussion and practical 

activities/group work 

 Permits real-world practicals: 

e.g. water conservation auditing 

 Linked to campus sustainability 

initiative 

 
 

 
 
 

 

 
 
 
 

  
 
 
 



 
           

Conservation Project Selection 
 Must be suitable for group implementation 

 Should ideally result in significant savings, short 

payback (hence likely to be implemented) 

 Preferably a minimal need for equipment, 

expenditures, technical assistance 

 Executable in short time frame (5-6 weeks) 

 Relevant to student home/work life 

 Clearly part of a “sustainability skill set” 

 Approved by Facilities Management partners 

 
 

 
 
 

 

 
 
 
 

  
 
 
 



 
           

2013 – Pilot Project 
 No need to reinvent the wheel 

 Lots of university conservation 

projects – e.g. Stanford Master 

Plan 2003 and UCSF study 2012 

 Class elected to complete 

campus restroom faucet survey 

and analysis 

 Accessible, simple, no expenses, 

potential to yield signif. savings 

 
 

 
 
 

 

 
 
 
 

  
 
 
 



 
           

Developing the Project 
 What kinds of sinks and faucets are we dealing with – 

taxonomy? 
 How do we develop a comprehensive inventory for a 

100% audit of our campus - preparation? 
 How do we standardize the audit for consistency by 25 

auditors - training? 
 How do we capture and process the required information 

correctly and accurately - execution? 
 How do we process the data and generate and interpret 

the results - analysis?  
 Can we just study or can we also implement - scope? 



 
           

Hayward Campus Water Cost Data 
 Volumetric  tariff = $5.15 per 100 ft3 (CCF) for 1-200 CCF, 

$6.10 for each CCF thereafter (always >200 CCF). 
 Billed every 60-62 days (2 month cycle) based on City of 

Hayward meter reader data 
 Billed at 2 main water meters at edge of campus. 
 Wastewater (sewage) charges (volumetric tariff) = $4.26 per 

CCF of metered usage on buildings. 
 Effective water savings from conservation = $6.10 + $4.26 = 

$10.36 per CCF 
 Per gallon water savings rate = $0.01385 per gallon (1.385 

cents per gallon). 
 Does not include savings in hot water 



 
           

Potable Water System 



 
           

Simple Payback if 2gpm 0.5gpm retrofit 



 
           

All Admin/Academic Buildings – not 
student housing, Health Ctr. 



 
           

Faucet 
Inventory 

 Conducted 
scavenger hunt 
(faucet taxonomy) 

 Obtained floor plans 
 Obtained restroom 

inventory 
 Divided buildings 

between students 
(25) 

 Inventoried hardware 
 



 
           

Flow Rate  
Survey 

 Developed 
standard 
methodology for 
each faucet type 

 Used Maddaus 
UCSF measure 
(time (secs) to fill 
0.25 gal) 

 For auto faucets 
also used ml + 
time (secs) 
 



 
           

Measuring flow rates 
0.25 gal beaker + stop-watch 



 
           

Floor Plan with Restrooms Marked 
Each student given shaded copy/data sheet 
 
 
 
  



 
           

Example Data Sheet 
Average of approx. 20 faucets per student pair 
 
 
 
  



 
           

Example Spreadsheet 
Data entered into building sheet rolls up to campus sheet 
Opportunity to improve student Excel skills 
 
 
 
  



 
           

Summary Faucet Performance Data 
 340 public restroom sink faucets 
 10 faucets non-functioning, 1 restroom used as storage 
 80 already had measured flow rate < 0.5gpm 
 249 had measured flow rates > 0.5gpm 
 6 of these had missing aerators 
 62 of these could not determine the gpm of aerator 
 10 of these had aerators with 0.5 gpm rating 
 Assuming flow rates could be reduced to 0.5 gpm 
 Average reduction would be 0.18 gals per 10 sec wash 
 Maximum reduction would be 1.39 gals per 10 sec wash 
 Average savings would be $0.0025 per 10 sec wash 



 
           



 
           

Frequency of use estimation 
Adapted methodology of Morales et al. 2011 (click here) 

 Functional population is a building’s population normalized 
to 24 hours per day. 

 Use published frequency of use of toilets/urinals per 24 
hours (7.65 per person), assume hand wash each time, 
and assume avg. no. of seconds per wash (10) 

http://www.conservefloridawater.org/publications/FWRJ_CII End Use_062111.pdf


 
           

Functional Population 
 Personnel data Is not easily available 
 Campus inventory of offices by type, with number of 

desks/stations maps to employee occupancy by building 
 Class scheduling data provides student enrollment, class 

durations, by building/room 
 Provides for reasonable estimates of functional 

population 
 Can apply to 4 * 11 week quarters, ~220 days of 

instruction – will give conservative estimates of use and 
savings 

 Can determine FP per 24hr per building then divide by 
number of faucets in building for average per faucet 



 
           

RESULTS 
 No of faucets with < 1yr payback = 77/340 or 23% (164 with 

<2yr payback) 
 Total 1st year net savings from retrofit of faucets with <1 yr 

payback (assume $15 per faucet) = $2,715 or $35 per faucet  
 Average simple payback per retrofit = 0.3 yrs or 3.6 mo 
 Annual savings from 77 retrofits = 279,439 gals 
RECOMMENDATIONS 
 Campus is a living lab: seek win-win conservation 

partnerships using students 

Results and Recommendations 



 
           

Unfinished Business 
 Refine wash frequency assumptions component to better 

estimate hierarchy of paybacks, priority retrofit sequence 
 Collect student self-reflection survey re: sustainability ILO 
 Prepare and submit proposal/plan for retrofit to 

CFO/Facilities colleagues 
 Write paper for publication, conferences 
 Perform follow up study of actual savings from retrofit 
What To Do Next Year in GEOG 4350? 
 Suggestions? Leak detection audits and irrigation system 

efficiency audits. 

Unfinished Business and What Next? 



 
           

 
 

 

 
 
 
 

  
 
 
 

Thank you for your attention 
 
Prof. Michael D. Lee Ph.D. 
Department of Geography and Environmental Studies 

California State University East Bay 

25800 Carlos Bee Blvd. 

Hayward CA 94542 

United States 

Email: michael.lee@csueastbay.edu 

Tel: 1 (510) 885-3155 

Fax: 1 (510) 885-2353 
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