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THE GREEN SPACES 
OF THE HIGHLANDS 

The Highlands community is beautiful.  Residents and Boards of both the 
Condos and the HOA keep their promises by maintaining their facilities and 
grounds in top-notch shape.  The homeowners do their part, too, with 
attractive, well-maintained landscaping and homes that fit the theme of our 
village.  New residents move here, at least in part, because of these 
beautiful surroundings.  This is an upscale community and our residents 
expect it to be maintained as such.  The primary job of our Boards of 
Directors is to maintain and enhance these property values.  Over the years, 
living unit sales have flourished, and this remains an attractive location for 
seniors.  The focus on this approach seems to be working:  property values 
continue to increase. 

A significant part of the physical attraction of the community is our broad 
lawns, walking paths, and the lush landscaping around our buildings.  Green 
is the operative word.  But something important is happening.  We don't 
often think of it, but it takes a lot water to keep our neighborhood green.  
Summers in Oregon are very desert-like, with little precipitation.  Water is a 
scarce resource, and the cost of city water has ballooned in recent years. 
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THE PROBLEM 
WE’RE TRYING TO SOLVE 

The Highlands Community is made up of two groups of residents:  the folks 
who live in the 195 homes of the King City Highlands Homeowners 
Association (HOA), plus the folks who live in the 124 condos in the Highland 
Park Condominium Association (HPCA).  Potable water is purchased from the 
City of Tigard’s Water Department; that water is used for both domestic 
consumption (e.g., drinking, cooking, washing, etc.), as well as for irrigation 
of the plants outside the homes and condos.  A map representing the areas 
irrigated by each Association is presented in the Appendix on p. 59. 

Each of the homes in the HOA has its own, private water meter, which 
measures the amount of water consumed by the residents of each home.  
Private homeowners are responsible for paying for the water they 
individually use in and around their homes.  The condo owners, on the other 
hand, do not pay directly for the water consumed in and around their living 
units; the cost of water is included in the monthly fees paid by the condo 
owners.  All of the residents of both the HOA and the HPCA pay an annual 
assessment fee to the Highlands HOA; a portion of that assessment covers 
the cost of water used for both domestic consumption within the Clubhouse, 
as well as for irrigation of plants in the common areas of the Highlands. 

The homeowners, then, see a clear statement – their own water bill – 
detailing how much water they’ve used, and the actual cost of that 
consumption.  Neither the condo owners nor any of the members of the HOA 
(which includes owners of both the homes and the condos) have a clear 
sense of the cost of water in their shared condo buildings, nor for the HOA 
common areas.  The cost of the water is largely “hidden” in the monthly fees 
and/or assessments, though it is published in the annual Operations Budgets 
for both Associations. 
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The water expense has been increasing, rather dramatically, in recent years.  
In 2010, the HOA spent just over $5,200 on water purchased from the City 
of Tigard, while the HPCA spent just under $21,000.  From 2010-2018, the 
total amount spent by the HOA on water increased by 368%, to $24,534.  
Over the same timeframe, the amount spent by the HPCA increased by over 
140%, to over $50,532.  The cost of the water consumed by the HOA is 
divided by the total number of living units (homes + condos), which is 319.  
In 2010, the annual assessment was $744, which covered the $16.31 in 
water costs allocated to each living unit.  As of 2018, the annual assessment 
had increased by just under 24% to $920, but the per-unit water cost had 
increased by 368%, to $76.34.  Essentially, even though the annual 
assessment was increasing, the cost of the water (and the impacts on the 
Operating Budgets) was increasing even faster.  This is not a sustainable 
situation. 

The reasons for the increased expenditures are two-fold:  water usage has 
increased in both the HOA and HPCA, and water costs have also increased.  
In 2011, the City of Tigard’s Water Department switched to a monthly billing 
cycle (it was previously bi-monthly), allowing for greater resolution and 
monitoring of water used for irrigation vs. domestic consumption.  From 
2011-2018, total water consumption has increased in the Condos by 17%, 
and by the HOA by 61%.  Water used strictly for irrigation increased over 
that same timespan around the Condos by 186%, and by the HOA by 65%. 

Details about the water rates charged by City of Tigard are not available 
over the same length of time, however, only going back to 2014.  The 
overall increase in rates, for both the fixed charges for water meters as well 
as for the water that is purchased, has increased by nearly 26% from 2014-
2019.  2015 saw a particularly large increase in water rates (10.5%), due to 
expansion of the Lake Oswego-Tigard Water Treatment Plant in West Linn.  
Every year since has had an across-the-board rate increase of 3.25%. 

Since 2015, the HOA Finance Committee and other members of the 
Highlands Community have been looking for ways to reduce the amount 
spent on water.  A major focus has been on how to move away from using 
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potable water for irrigation of plants, but other options (reducing the area 
needing irrigation, or implementing more-efficient irrigation components, for 
example) must also be considered. 

So, what are our options? 

1. We could reduce our water usage by getting rid of some of our large 
lawn areas, replacing them with native plantings that consume less 
water - but are still attractive.  We could make this transition 
incrementally to test whether this approach meets the attractiveness 
criteria we seek.  We must also ensure that the ways we apply the 
water to the plants use the most-efficient methods possible.  Fully 
implemented, this might reduce irrigation water costs by half (needs 
verification by McCaleb) - probably over a period of several years. 

2. A second approach would be to find another source of irrigation water 
that would cost only a fraction of what city water costs.  New water 
wells are out of the question, as they are prohibited by public law.  
Using treated sewer water is an attractive alternative.  Purified to 
Class A standards, this water has been used in many outdoor settings, 
including irrigating both the King City and Summerfield golf courses 
for many years.  Proposals from Clean Water Services (our 
wastewater treatment utility) offer this water to us for $1.00 per 
hundred cubic feet (CCF), compared to our current average irrigation 
cost of $5.19 per CCF using potable (drinking) water.  The downside of 
using treated water is the large up-front (engineering) costs; these 
could take many years to amortize.  But the long-term payoff is huge:  
once we clear the investment, we have the opportunity to maintain 
our upscale, green advantage for decades to come - without breaking 
the bank. 
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THE APPROACH 
USED FOR THIS EFFORT 

The Highlands residents involved in this study, in partnership with 
representatives from Clean Water Services and Brightview Landscapes, have 
approached this investigation with a three-phase project: 

PHASE 1:  HISTORY OF WATER 
CONSUMPTION AND COSTS 
This first stage involved obtaining water-bill data from the City of Tigard for 
the past twenty years (January 2000-March 2019), entering that data into 
Excel workbooks, and closely studying trends and changes in consumption 
and costs.  This phase included study of data from both the HOA and HPCA, 
and examined effects on the Associations’ Operating Budgets and on the 
assessments paid by the owners of the individual living units. 

PHASE 2:  EXAMINATION OF OPTIONS 
AND ASSOCIATED COSTS 
The second stage begins with close examination of the various options 
available, as well as solicitation of bids from service providers.  Those 
options include: 

• A comprehensive study (audit) of the existing irrigation system, 
including review of timer and controller settings, sprinkler- and spray-
heads and other irrigation elements, and sensor options. 

• Full or partial replacement of the potable water source with recycled 
water for use in irrigation around the Condos and HOA common areas. 

• Site visits to clients of wastewater treatment utilities that have 
switched to using Class A recycled water for irrigation purposes. 
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• Removal of some existing landscaped areas, to be replaced with rock 
gardens and/or more water-wise native plants. 

• Site visits to water-efficient “demonstration gardens” at local parks, 
colleges and water district offices. 

• Doing nothing at all, and sticking with the status quo. 

None of the options considered are panaceas, and none are inexpensive.  All 
had associated costs and benefits.  The eventual recommendation could 
include a combination of several of the options studied. 

PHASE 3:  IMPLEMENTATION AND 
FINANCING 
Once all of the options have been considered and a preferred solution is 
selected, the associated costs – both for initial implementation as well as for 
ongoing maintenance – must then be clearly spelled out.  Up-front costs (the 
investment that would have to be made) could be covered through a variety 
of financing options, though few of those options are known at the beginning 
of the project.  The final choice and determination of how to finance the 
project(s) would be decided upon by the Association Boards, and by the 
larger Highlands community. 
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PHASE 1:  CURRENT WATER 
USE IN THE HIGHLANDS 

The community of the Highlands has two separate entities:  the homes of 
the King City Highlands Homeowners Association (HOA), and the condos in 
the Highland Park Condominium Association (HPCA). 

The Highlands is a typical residential community, and water use is divided 
between domestic consumption (e.g., cooking, washing, drinking, etc.) and 
landscape irrigation. 

WATER METERS AND ACCOUNTS 
There is a total of eleven meters between the HOA and HPCA: 

METER 
ID HOA/HPCA SIZE METER 

# 
ACCT 

# 
ACCT 
TYPE 

C HOA 1 ½” 9245 8020 Irrig. 

D HOA 2” 9196 8023 M-F Res. 

1 HPCA 2” 10167 8013 M-F Res. 

2 HPCA 1 ½” 10170 8014 M-F Res. 

3 HPCA 1 ½” 10169 8015 M-F Res. 

4 HPCA 1 ½” 10168 8016 M-F Res. 

5 HPCA 1 ½” 9965 8017 M-F Res. 

6 HPCA 1 ½” 9799 8018 M-F Res. 

7 HPCA 1 ½” 9431 8019 M-F Res. 

8 HPCA 2” 9106 8021 M-F Res. 

9 HPCA 2” 9197 8022 M-F Res. 
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It is important to note here that the 195 homes of the HOA all have their 
own private water meters.  Individual homeowners determine how to use 
their water (i.e., for domestic use or for irrigation), and each homeowner is 
responsible for paying their own water bill. 

All of the Highlands’ water is purchased from the City of Tigard’s Public 
Works Department.  The source of the water is the Clackamas River, and the 
water is treated at the Lake Oswego-Tigard Water Treatment Plant in West 
Linn. 

While all of the water purchased from City of Tigard and used in the 
Highlands is potable (drinkable) water, only one meter (HOA “C”) measures 
water used strictly for irrigation purposes.  All of the other meters are Multi-
Family Residential (“M-F Res”).  The only differences between the meters 
and the corresponding accounts comes in the fixed charge for the physical 
meter itself, and the tiered rate structure charged for the water.  For 2019, 
the rate structure is as follows: 

METER 
SIZE TYPE 

FIXED 
MONTHLY 
CHARGE 

TIER 1 TIER 2 TIER 3 

1 ½” Irrigation $173.93 
$8.53/CCF 

(no tiers for irrigation meters) 

1 ½” M-F Res. $173.93 
$3.16/CCF 
(0-48 CCF) 

$4.62/CCF 
(49-120 

CCF) 

$5.29/CCF 
(>120 
CCF) 

2” M-F Res. $282.20 
$3.16/CCF 
(0-78 CCF) 

$4.62/CCF 
(79-195 

CCF) 

$5.29/CCF 
(>195 
CCF) 

 

The nine water meters of the HPCA are shared among the 21 buildings (each 
of the buildings has 5-6 separate living units).  The six meters responsible 
for irrigation don’t necessarily have the exact same pattern of water 
measurement for domestic use and irrigation.  In other words, a given meter 
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may measure domestic water consumption within 2-3 HPCA buildings, but 
the meter may be responsible for external irrigation zones for slightly-
different building patterns.  The actual building and irrigation assignment for 
the HPCA water meters is shown in the following table: 

METER 
ID 

METER 
SIZE 

HPCA 
BUILDING 

ADDRESSES 

BLDG. 
#S 

BLDGS. 
IRRIG. 

# 
LIVING 
UNITS 

1 2” 16354-16398 13, 14, 
15 

13, 14, 
15, 20, 

21 
20 

2 1 ½” 16444-16466 20 & 21 No irrig. 10 

3 1 ½” 16457-16473 18 & 19 10169 12 

4 1 ½” 16363-16389 16 & 17 10168 12 

5 1 ½” 16321-16345 9 & 10 No irrig. 10 

6 1 ½” 16233-16277 7 & 8 No irrig. 10 

7 1 ½” 16139-16161 5 & 6 5 thru 10 10 

8 2” 16146-16264 1, 2, 4 1 thru 4 
(and) 11 

& 121 

20 

9 2” 16248-16316 3, 11, 
12 20 

 

  

                                   
 

1 Meters 8 & 9 are looped together, with irrigation regulated by just one controller. 
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HISTORICAL WATER CONSUMPTION 
Water account statements (obtained from City of Tigard) dating back to 
January 2001 were used to reveal trends in consumption.  The statements 
presented both total consumption (in units of CCF, or hundreds of cubic feet; 
1 CCF = 748 US gallons) and total bill amounts.  The City of Tigard’s water 
meters were read bi-monthly through the end of 2010 (6 reads/year).  
Starting in January 2011, the City converted to monthly read and billing 
cycles (12 reads/year). 

The statements from City of Tigard, as stated previously, showed total 
consumption and cost amounts, meaning that for each billing period, a given 
read may well include both domestic use of water as well as water volumes 
used for irrigation.  The exceptions to that were meters HOA C (which was 
irrigation only) and HPCA meter #s 2, 5 and 6 (which were strictly for 
domestic use). 

Total water consumption could then be compared for all of the HPCA meters 
(see Figure 5, p. 48), the two HOA meters (see Figure 6, p. 48), and for 
HPCA and HOA combined (see Figure 7, p. 49).  In 2018, the total volumes 
of water consumed in the Condos was 7784 CCF, and 3335 CCF for the HOA.  
Over the past five years, total consumption for the HOA averaged 
approx. 2765 CCF/year, and the HPCA averaged just under 8100 
CCF/year. 

DETERMINATION OF IRRIGATION 
WATER USE 
The amount of water purchased from City of Tigard on a bi-monthly 
(through 12/2010) or monthly (from 1/2011 onward) includes water used 
for both domestic and landscape-irrigation purposes.  To determine the 
amount of water used only for irrigation purposes for the ten meters other 
than “HOA C”, the “watering season” was examined.  The watering season of 
the common areas for both the Condos as well as the HOA runs for five 
months in the spring and summer, from May-September.  The irrigation 
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timers and controllers are only “on” during those months, and the irrigation 
system valves remain closed (“off”) during the remaining months.  Off-
months, where water is used strictly for domestic consumption, are January-
April and October-December. 

The amount of water consumed during the “off months”, then, represents 
water used for drinking, cooking, washing, etc.  The average annual amount 
of consumption for meters “HOA D” and Condo meter #s 1, 3, 4, 7, 8 & 9 
during the off months was then subtracted from the watering-month 
consumption amounts.  The remainder represents a good estimate of how 
much irrigation water was measured by each meter. 

As mentioned above, the City of Tigard’s Public Works Department used a 
bi-monthly meter-reading and billing cycle up through December of 2010.  
The watering season in the Highlands ran for five months, so one of those 
billing cycles would have been split between irrigation and domestic water 
consumption – leading to inaccuracies.  Therefore, the close examination of 
water used for irrigation only focused on water purchased after January 
2011, were the finer resolution of monthly meter reading became available. 

The amount of irrigation water measured by the six Condo meters is 
presented in Figure 8 (p. 49), and averaged over 2300 CCF over the past 
five years (2014-2018).  The two HOA meters are shown in Figure 9 (p. 50), 
averaging just over 2600 CCF over the same five-year span.  Total irrigation 
water consumption for the Highlands is shown in Figure 10 (p. 50). 

The percentage of the total water purchased that was used for irrigation in 
the Condos ranged from 14% in 2011 to 35% in 2018 (see Figure 11, p. 
51).  Water purchased for irrigation of the HOA’s common areas ranged from 
77% of the total in 2012 up to nearly 100% of the total in 2017 (see Figure 
12, p. 51).  Again, it is good to keep in mind that, unlike the condo owners 
in the HPCA, the individual homeowners in the HOA each have their own 
private, individual water meters.  The two HOA water meters, then, 
represent almost complete dedication to measuring water used for irrigation 
around the Clubhouse and the HOA common areas (save for a small amount 
of water used for domestic purposes within the Clubhouse). 
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The irrigation controllers are adjusted manually (by the landscape 
contractors) during the watering season, depending on weather conditions.  
If the summer has a normal amount of rain and the temperatures are in 
normal ranges, less water is used for irrigation.  If temperatures are high 
and there is little to no rain during the summer (as we’ve had with severe 
drought conditions in the summers of 2017 and 2018), then the sprinkler 
systems are set to run longer. 

From 2012-2018, the annual amount of water purchased for 
irrigation increased, on average, by just over 18% for the HPCA, and 
by nearly 10% for the HOA.  In 2018, the Condos used about 2735 
CCF for watering their green spaces, and the HOA used 3319 CCF for 
irrigation – a total of 5870 CCF. 

HISTORICAL WATER COSTS 
The water account statements provided by the City of Tigard provided total 
billing amounts in addition to the volume of water consumed in the billing 
cycle.  The billing statements each have two major cost elements:  the 
monthly fixed charge for the meter (which varies based on meter size and 
account type), and the charge for the volume of water consumed (which is 
tiered with increasing rates as volume increases, to encourage 
conservation). 

Total water costs are available from 2001-2018.  The total cost incurred by 
the nine accounts of the HPCA are presented in Figure 13 (p. 52), and total 
costs charged to the two accounts of the HOA are presented in Figure 14 (p. 
52).  The combined HCPA & HOA costs are presented in Figure 15 (p. 53). 

Considering only the cost of water used for irrigation of lawns, plants and 
open spaces in the Highlands requires subtracting the costs of the “average” 
off-season billing cycles (as was done above for the consumption analysis).  
Again, the City of Tigard began their monthly meter-reading and billing 
cycles began in January 2011, so the water cost analysis was conducted only 
from 2011-2018.  The total costs of water used strictly for irrigation, then, in 
the Condos is presented in Figure 16 (p. 53), and for the HOA in Figure 17 
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(p. 54).  The combined cost of irrigation water purchased for both the HPCA 
and HOA combined is presented in Figure 18 (p. 54). 

The sheer, total volume of water consumed by the two Associations – which 
is due largely to the volume used for irrigation – means that the potable 
water used to keep the Highlands green is always priced in the highest tier.  
The average cost for that water has increased by 9.5% annually from 2011-
2018, rising from $2.80/CCF to $5.19/CCF (see Figure 19 on p. 55). 

The cost of the water purchased by the HPCA and HOA is influenced by two 
factors:  the volume of water purchased, and the rate(s) charged by the 
supplier of the water (City of Tigard, for the potable water currently 
consumed throughout the Highlands).  As stated above, the amount of water 
purchased for irrigation has seen an average annual increase in the HCPA by 
over 18%, and by nearly 10% for the HOA.  (It is important to note here 
that total water consumption by both Associations has been fairly flat from 
2001-2018, possibly reflecting very good domestic water conservation). 

However, rates for both water and for the fixed monthly charge for the water 
meters charged by the City of Tigard have increased on an annual basis, 
with a regular increase of 3.25% per year.  Therefore, the combination of 
the increase in volume of water purchased for irrigation and the increased 
fees and charges for potable water purchased from City of Tigard must be 
examined.  The actual average annual increase (2011-2018) in 
amount of Association funds spent on irrigation water was nearly 
41% in the HPCA, and just over 23% in the HOA. 

Given the statistics accumulated on combined water consumption and costs 
to the HPCA and the HOA, if everything else was held steady, and only the 
rate of consumption for irrigation increased at the same rate and the rate of 
increase in charges from City of Tigard remained the same, a prediction 
could be made about future costs to the Associations. 

A simple linear regression analysis was conducted to create a predictive 
mathematical model.  The results of that analysis are presented in Figure 20 
(p. 56).  Over a ten-year span (2019-2028) the total combined 
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annual cost for irrigation water to the HCPA and the HOA could rise 
from about $30,500 in 2018 to nearly $58,000 in 2028. 

What is known for certain, based on billings from the City of Tigard Water 
Department, is that the Condo Association paid a total of over $50,500 for 
their water expenses in 2018, while the HOA paid over $24,350 – a total of 
nearly $75,000 for the two Associations. 
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ONGOING COST OF CURRENT WATER 
INFRASTRUCTURE 
The meters that measure potable water purchased from City of Tigard each 
have a fixed charge, and that cost is incurred regardless of the amount of 
water consumed.  The fixed charge varies, depending on the size of the 
meter.  At present, there are two different sizes of meters in use in the 
Highlands: 

METER 
SIZE 

# OF 
EACH 

METER 

FIXED CHARGES ($/mo.) 

2014 2015 2016 2017 2018 2019 

1 ½” 
HOA:  1 
HPCA:  6 

138.51 153.05 158.02 163.16 168.46 173.93 

2” 
HOA:  1 
HPCA:  3 

224.72 248.32 256.39 264.46 273.32 282.20 

Meter rate information was available from City of Tigard only for the years 
2014-2019.  The fixed charges for the meters – as with the cost of water – 
reflect an increase of about 10.5% in 2015, and annual increases of 3.25% 
in 2016-19. 

For 2019, the HOA will pay $5473.56 just for the fixed charges on 
their two meters, and the HPCA will pay $22,682.16 on the fixed 
charges for their nine meters, for a total of $28,155.72. 

Those fixed charges are included in the monthly billing statements.  
Subtracting the fixed charges from the total bill amount gives the cost of the 
water consumed and measured by the meter on each account.  The amount 
paid for the water can be divided between water used for domestic 
consumption, and water used for irrigation (again, HPCA meters 2, 5, and 6 
are strictly measuring water for domestic consumption).  Assuming that the 
fixed charges and cost of water used for domestic purposes stays the same, 
the amount of water used for irrigation – and the corresponding cost – are 
the only variables that could change. 
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The breakdown of costs for the fixed charges, water used for domestic 
purposes and water used for irrigation are illustrated in Figure 22 (p. 57) for 
the HPCA, and in Figure 23 (p. 57) for the HOA. 

Over the past five years (2014-2018), the HPCA paid approximately 
$37,800 for water used for irrigation; the cost to the HOA for 
irrigation water was about $69,250.  Those amounts represent the 
variable portion of the water bill that can be reduced through 
irrigation alternatives. 

WATER COST EFFECTS ON OPERATIONS 
BUDGETS 
The water bills from the City of Tigard go directly to CMI via US Mail2 (refer 
to Appendix p. 60 for an example), and CMI pays the bills from funds 
allocated to the Operations Budget.  The actual water costs have increased 
dramatically since 2010, rising from just over $5200, to over $24,300 in 
2018.  That rate of increase for water averaged 25.5%/year (see Figure 24 
on p. 58), reflecting both an increase in base rates as well as increased 
consumption. 

The amount of increase in total water cost has not always been easy to 
predict; based on summertime (irrigation-season) precipitation and 
temperatures, the amount of water used for irrigation may be greater or less 
than the year before.  In any event, the actual cost of water, as a 
percentage of the HOA’s Operations Budget, has been steadily increasing, 
rising from just over 2.2% of the Operations expenditures in 2010 to nearly 
8% of Operations expenditures in 2018. 

The impact of water costs on the HPCA’s Operations Budget is very similar.  
From 2016-2018, the percentage of the Condo Ops Budget paying for water 
has been about 11.5%, rising to $50,532 out of the total $453,864 for 2018. 

                                   
 

2 Hosmanek, D., CMI (10 April 2019).  Personal communication. 
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IMPACT OF WATER COST ON 
ASSESSMENTS 
The cost of water (and its associated infrastructure) is borne by Highlands 
residents in similar, yet different, ways.  The members of the two Associations 
share some of the common expenses, but 
the homeowners have a slight difference.  
As is shown in the figure at right, Condo 
owners are responsible for an equal share 
of all of the water used in and around the 
Condo buildings, as well as for a share of 
the water used in the Clubhouse and for 
irrigating the HOA common areas.  
Homeowners have an equal share of the 
responsibility for water used in the 
Clubhouse and irrigation of the common 
areas, but they also receive a separate bill 
for their own, private water consumption in and around their houses. 

A related matter is that of the three types of water bills shown in the figure, 
only the Highlands homeowners are likely to see the actual billing statements.  
All of the other statements for the nine HPCA accounts and the two HOA 
accounts go straight to CMI, who logs the bills into the record, and arranges 
payment.  No Highlanders are likely to see bills from any of those eleven 
accounts, making ongoing analysis of water consumption and costs 
challenging. 

Increasing water costs have a strong effect on the annual HOA assessment.  
The annual assessment has increased from $744 in 2010 to $920 in 2019, 
reflecting an average increase of about 2.4%.  The effect of the water costs 
to owners of the living units in the HOA, however, has been rising even 
faster.  The portion of water costs in the assessment paid by each unit 
owner has risen from 2.2% in 2010 (or about $16.31/living unit) up to 8.5% 
in 2018 (about $76.34/living unit).  The amount of increase in water 
cost to each HOA living unit owner averages $7.50/year, an amount 
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that almost certainly must be passed along, in its entirety, in 
increased assessments. 

In summary, even as the annual assessments have been increasing over the 
past ten years, the rate of increase in the cost of water used by the HOA has 
been even faster (see Figure 25 , p. 58). 

The owners of the Condos face similar increases due to water costs.  While 
the available data on HPCA Operating Budgets goes back only to 2016, 
several years’ worth of budget data is available for review.  The percentage 
of the water costs borne by each Condo owner held steady; water costs were 
3.5% of the total annual assessment (HOA assessment + HPCA monthly 
fees) over the same three-year period.  Actual water costs paid by the HPCA 
over those three years have increased, however, from $45,626 in 2016 to 
$50,532 in 2018.  Correspondingly, the annual assessments paid by the 
Condo owners have gone up as well, by an average of $19.78/year.  The 
total cost of water used by the HPCA has gone up by an average of 
5.3% from 2016-2018; the increase in annual HPCA assessment 
averaged 5.42% over the same timeframe. 

Considering only the costs of water used for irrigation in 2018, HPCA spent 
just over $10,000.  The HOA spent nearly $18,000 on water alone for 
irrigation in 2018.  In addition to the cost of the water, we must also 
consider the cost of the fixed infrastructure – the meters used to measure 
the water used for both domestic consumption and also for irrigation.  The 
nine meters for the Condos are properly sized for the number of living units 
and the cumulative total of all of the water fixtures down-stream from those 
meters.  Those Condo meters cannot be downsized, even if an alternative 
water source for irrigation is available.  The two HOA meters, however, offer 
some potential for savings:  HOA “C” is an irrigation-only meter, which could 
be completely decommissioned, and HOA “D” (which provides water to the 
Clubhouse as well as for irrigation of HOA common areas) could be 
downsized, from 2” to ¾”.  For the purposes of considering all costs of the 
current irrigation infrastructure, the HOA and HPCA combined spent some 
$33,250 on water and monthly meter charges in 2018.  The impact of those 
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irrigation costs on the Condo owners was a 1/124th share of $10,031, or 
$80.90/year ($6.74/month).  The cost of the irrigation water – plus the cost 
of the two HOA meters – to each living-unit owner in the HOA was 1/319th of 
approximately $23,200, or about $72.76/year.  From another 
perspective, each of the 124 Condo owner paid some $153 in 2018 
just to water the plants in the Highlands’ common areas; the 195 
homeowners each paid $72.76 in 2018 (plus their own, private 
water bills). 

Even if the two Associations were able to use the exact same volume of 
water for irrigation (5870 CCFs) in future years as was consumed in 2018, 
the expense will increase, by 3.25%/year or more.  Each Condo owner is 
likely to spend nearly $2400 on irrigation water over the next 20 years 
(through 2039), just to water the plants around the Condos.  All of the 
Condo owners, in total, would spend nearly $295,000 over that same span 
of time.  On the other hand, every living-unit owner throughout the entire 
HOA will spend some $2100 each – or over $680,000 in total – on irrigation 
water and associated infrastructure (the two HOA meters).  The effect on 
HPCA and HOA assessments over the next 20 years is shown below. 
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Figure 1 - Annual expenses paid for irrigation around the Condo (HPCA) 
and HOA common areas.  Amounts include costs of water and the two 
HOA meters that measure water used for irrigation. 
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It is important to note that all water costs may not be passed along to the 
living-unit owners.  Each Association’s Finance Committee and/or Treasurer 
may elect to draw down the Operating Fund balance, for example, rather 
than pass all costs along through the Assessment(s). 
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PROJECTED WATER USE 
IN THE HIGHLANDS 

INCREASES IN CONSUMPTION 
Water is an essential resource for living things.  Water is also highly mobile, 
and moves through a global cycle (“global” implies that it also moves 
through the atmosphere, as a gas, rather than just in liquid or solid forms).  
Water leaves the atmosphere as either rain (liquid) or snow or hail (solid) 
when atmospheric conditions lead to condensation of the water vapor 
molecules; gravity simply pulls the larger masses down out of the sky. 

Water flows across the surface of the Earth as a liquid in the ocean, in lakes 
and in streams (or beneath the surface in aquifers or the shallower water 
table).  Water eventually returns to the atmosphere through one of two 
processes:  1) evaporation, where liquid water dries back into vapor under 
warm and/or breezy conditions, or 2) transpiration, where liquid water 
moves from the soil back to the atmosphere through a plant.  Those two 
processes are often referred to collectively as “evapotranspiration”. 

The rate of evapotranspiration (water returning from Earth’s surface back to 
the atmosphere) is highly influenced by ambient temperatures and wind 
currents.  Both temperature and wind speed are examples of kinetic energy 
in the atmosphere.  As the amount of thermal energy in the atmosphere 
increases – due to climate change – both the surface of the Earth and the 
atmosphere will warm, wind speeds increase (just as with greater intensities 
observed with tornadoes and hurricanes), and the rate of evapotranspiration 
increases, too. 

Any home gardener who has tried to grow plants in clay pots on a sunny 
patio knows that as the weather becomes warmer, breezier and sunnier over 
the course of the summer, it becomes more difficult to keep those potted 
plants alive.  Warm, sunny conditions encourage the plants to do 
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photosynthesis.  The products of photosynthesis are used to produce more 
tissues (leaves, stems, roots, flowers and fruits).  Larger plants have more 
and longer roots beneath the soil, so they’re even more efficient at taking up 
water.   

In the drier and warmer conditions, though, moisture is being drawn away 
not only from the surface of the soil but also through the permeable sides of 
the pot, as well as up through the now-larger plant and out through the 
pores in its leaves.  The warmer and breezier the day, the more-narrow the 
time window is for the casual gardener to replace water that is lost from that 
little “system”.  Eventually, the soil becomes so dry that the plant can’t get 
the water it needs to do photosynthesis, and the plant begins to shut down.  
Some plants are adapted to and have evolved in arid conditions, and are 
“drought-deciduous”:  they simply drop those leaves, and rely on the energy 
stored in their roots while they wait for the rainy season to return.  Other 
plants, particularly herbaceous annuals, don’t have that option; if they lose 
access to water, they’ll soon reach their permanent wilting point, and they 
die. 

If you want to have the same landscape plants or crops growing in the space 
where they’ve been over the past few decades, you’re going to need to 
increase the rate (volume of water added over time) of irrigation, to keep up 
with the increased rate of evapotranspiration.  If you neglect the plants by 
holding back water, you’ll eventually need to spend additional money on 
removing and replacing the plants, and starting over again.   

The two Associations (HOA and HPCA) have a considerable investment in the 
shrubs and trees in the common areas.  Those plants must be properly cared 
for, or replaced (at some cost) with more water-efficient plants. 

INCREASES IN COSTS 
The amount that one needs to pay for the water that is used is based on two 
factors:  the volume of water consumed and the rate charged for each unit 
of water consumed.  For potable/drinkable water purchased from the City of 
Tigard’s Water Department, there is also a fixed charge for the meter used 
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to measure the volume of water consumed, and the cost of water may also 
increase as greater amounts of water are consumed.   

If a water customer must purchase more water due to increased rates of 
evapotranspiration (which, in turn, is due to climate change), then the 
expense will, naturally, go up.  In addition, if the total volume of water 
purchased exceeds one of the pricing tiers set by the water supplier, then 
the costs of the latter units of water will increase even more. 

Thus, the increase in cost may not be a simple linear equation, but 
an exponential one. 

Over the past few years, as summer (irrigation-season) temperatures have 
increased, irrigation volumes have increased even more, simply to keep the 
existing planted areas healthy.  Plants – especially trees and shrubs – that 
do not get enough moisture become stressed, subject to pathogens and 
pests.  Temperate evergreen forests across the western United States have 
been showing the effects of extreme drought stress for several decades, and 
that cycle does not appear to be decreasing3. 

EFFECTS OF CLIMATE CHANGE 
As the atmosphere and oceans continue to warm, weather patterns are 
going through dramatic changes.  The “normal conditions” that had become 
familiar through decades of changing seasons are no longer reliable.  Plants 
and animals – and communities, too – have evolved with and make plans for 
anticipated climatic conditions, but global climate change has become 
something that can no longer be ignored or denied.  While short-term 
weather conditions are not directly indicative of climate change, there is 
simply no denying the data of warmer- and drier-than-normal summers 
(refer to Figure 21, p. 56).  The change has also occurred far faster than 

                                   
 

3 Vose J, Clark J, Luce C, Patel-Weynand T. 2016. Effects of drought on forests and 
rangelands in the United States:  A comprehensive science synthesis. Washington, D.C.: 
U.S. Forest Service.  289 p. 
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climate scientists had anticipated; the maximum monthly temperatures 
observed in 2018 were all significantly higher than the 30-year climate trend 
would predict.  Some plants and animals – and communities – will have to 
adapt, move, or perish. 

Climate conditions in the Portland area are likely to continue to become 
warmer and drier during the summer.  If carbon emissions (CO2 and CH4) 
continue to increase at the current rates, climate models predict that 
summers in Portland are going to feel a lot like the current summers in the 
Sacramento area within 50-60 years4.  This means that the typical summer 
temperatures are going to be about 14.7°F higher than they are now, and 
summers will also be over 88% drier than current conditions5. 

Up through today, the effort to maintain the green spaces of the Highlands 
has required an increase in irrigation (see Figure 21, p. 56), because warmer 
and drier conditions increase the rate of evapotranspiration.  The Highlands 
will need to adapt, perhaps in a variety of ways:  switching to a less-
expensive source of water for irrigation, changing irrigation watering 
patterns and application methods, changing out planted areas to plants that 
are better-suited to warmer and drier conditions, installing rock gardens, 
etc. 

Another important concern regarding climate change is the effect on the 
source of our drinking water:  the Clackamas River.  The Clackamas 
Watershed starts on the slopes of the Olallie Butte, a Cascades volcano just 
over 8000’ in height.  The Clackamas River flows to the northwest, and 
enters the Willamette River near Gladstone and West Linn.  Recent research 
conducted by Portland State University’s Institute for Sustainable Research 
(and other parties) have evaluated the resilience of the Clackamas River, in 
light of challenges imposed by climate change.  Recent precipitation trends 

                                   
 

4 Fitzpatrick MC, Dunn RR. 2019. Contemporary climatic analogs for 540 North American 
urban areas in the late 21st century. Nat Commun. 10(1):614. 
5 What will climate feel like in 60 years? 2019. Cambridge, MD: University of Maryland 
Center for Environmental Science; [accessed 04/02/2019]. 
https://fitzlab.shinyapps.io/cityapp/. 
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do not offer any cause for concern, even given the low amount of 
precipitation observed in 2015.  However, changes in the timing and form of 
precipitation (from snow in the winter to rain in the summer, for example) 
will affect the flow rates and turbidity of water in the Clackamas River6.  
These may turn into larger concerns in the future. 

                                   
 

6 Institute for Sustainable Solutions. 2018. Clackamas Watershed Resilience, Phase I 
Report. Portland, OR: Portland State University.  
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PHASE 2:  OPTIONS 
FOR DECREASING COSTS 

AN ALTERNATIVE SOURCE FOR 
IRRIGATION WATER 
From the initial development of the Highlands, all water purchased for both 
domestic consumption as well as irrigation of outdoor plants has been 
supplied by the City of Tigard’s Water Department.  That water is potable 
water, meeting the highest standards (as defined and regulated by the State 
of Oregon) for human consumption.  As shown earlier in this report, the 
rates charged by City of Tigard for 2019 are as follows: 

METER 
SIZE TYPE 

FIXED 
MONTHLY 
CHARGE 

TIER 1 TIER 2 TIER 3 

1 ½” Irrigation $173.93 
$8.53/CCF 

(no tiers for irrigation meters) 

1 ½” M-F Res. $173.93 
$3.16/CCF 
(0-48 CCF) 

$4.62/CCF 
(49-120 

CCF) 

$5.29/CCF 
(>120 
CCF) 

2” M-F Res. $282.20 
$3.16/CCF 
(0-78 CCF) 

$4.62/CCF 
(79-195 

CCF) 

$5.29/CCF 
(>195 
CCF) 

Note:  The HOA has only one irrigation-only meter (“HOA C”), but water 
purchased through that meter has the highest fixed charge from City of 
Tigard. 

An alternative source of water is possible for the Highlands:  Class A 
recycled water, purchased from Clean Water Services.  This water is 
processed at CWS’ Durham Treatment Facility, and distributed around the 
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region via a network of pipes that are, in effect, parallel to the City of 
Tigard’s public drinking water supply.  The western end of CWS’ recycled 
water pipe lies under the intersection of SW King George Drive and SW King 
Charles Avenue, a point just 0.15 miles outside of the eastern border of the 
Highlands. 

If recycled water could be purchased from CWS for irrigation purposes (not 
for domestic consumption), then costs could be reduced dramatically: 

Every unit of water (1 CCF, = 748 gallons) purchased from CWS 
costs $1.00, a reduction in cost ranging from 68%-88%.  Further, 
CWS has no base/fixed charges for meters for recycled water. 

The Highlands HOA is likely to spend approximately $20,500 on irrigation 
water in 2019.  The HPCA will spend around $11,000 (refer to Figure 20, p. 
56, for cost projections).  In 2018, the two Associations used approximately 
5870 CCFs of potable water for irrigation, at a combined cost of about 
$30,500. 

If the Class A recycled water were available for use in the Highlands 
today, then the same volume of water used for irrigation in 2018 
would have cost only $5,870, a savings of about 74% – and nearly 
$23,000 – in just a single year.  In addition, the HOA C meter could 
be retired at a further savings of $2100/year. 

The anticipated cost increases for water service from the City of Tigard are 
likely to continue at 3.25% per year.  Clean Water Services has stated that 
their annual cost increase for Class A recycled water will be 3.00% per 
year7.  That slight difference will further magnify the savings advantage over 
time (refer to Figure 2, on p. 29). 

The irrigation systems for the HOA and HPCA could be converted and ready 
to be using Class A recycled water in time for the 2020 irrigation season 
(i.e., by June 2020).  With the lower cost of recycled water, 

                                   
 

7 Cordon, B., Clean Water Services (17 April 2019).  Personal communication. 
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decommissioning of the irrigation-only HOA C water meter, and scaling down 
the HOA D water meter that measures water to the Clubhouse, that could 
mean a first-year savings of nearly $28,000 (78%), assuming the same 
volume of water is used as in 2018.  Over twenty years, the cumulative 
savings – not including the costs of conversion – would be nearly $800,000. 

An annual rate of increase of 3.25% (as with City of Tigard’s water service) 
translates to a doubling of costs in about 21.5 years.  An annual rate of 
increase of 3.00% (for CWS’ recycled water) means that the cost of recycled 
water for irrigation will double in 23.3 years. 

The cumulative savings over twenty years is presented in the table below: 

YEARS 
AFTER 
2019 

COST WITH 
POTABLE 
WATER 

COST WITH 
RECYCLED 

WATER 

DIFFERENCE 
(SAVINGS) 

1-5 $ 189,090.48 $ 36,077.05 $ 153,013.43 

6-10 $ 221,880.93 $ 40,409.32 $ 181,471.61 

11-15 $ 260,357.61 $ 46,748.58 $ 213,609.02 

16-20 $ 305,506.58 $ 54,031.86 $ 251,474.73 

TOTALS $ 976,835.60 $ 177,266.81 $ 799,568.79 

Figure 2 - Annual cost of making no changes in irrigation practices vs. switching to 
recycled water. 
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With an alternative and less-expensive water option for irrigation needs, and 
including the right-sizing and/or decommissioning of the HOA meters, those 
savings can be passed along in reduced assessments. 

Given the current volumes of irrigation water used in the HPCA, per-Condo 
annual water costs can be expected to rise from about $81 in 2018 to $158 
in 2039.  Similarly, each Condo and Homeowner in the HOA would see their 
annual share of the water expense share increase from about $73 in 2018 to 
around $142 in 2039.  In other words, over a twenty-year span (2020-
2039), each homeowner would pay just over $2100 for water the plants in 
the HOA common area, while condo owners would pay around $4500 over 
that same timeframe. 

On the other hand, if Class A recycled water was available to be used in 
place of potable water for irrigation, and the excess HOA water meter 
capacity was removed, annual water costs reflected in the HPCA and HOA 
assessments could be reduced by about 80%.  Water costs around the 
Condos would be about $610/LU from 2020-2039, and HOA irrigation costs 
would be about $318/LU over the same timeframe. 
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Figure 3 - Annual expenses – including costs for HOA C and D meters – for irrigation 
water to each Living Unit (Condo or Home) owner, if volume of irrigation water stays 
at 2018 level (5790 CCF).  Dashed lines indicate water expenses if recycled water 
(RW) is used, and HOA water meters are decommissioned and/or downsized. 
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BRINGING RECYCLED WATER 
TO THE HIGHLANDS 

QUALITY OF RECYCLED WATER 
The State of Oregon’s Department of Environmental Quality (DEQ) has 
established a formal Water Reuse Program, to promote alternative sources 
of water for needs other than drinking, cooking, and so on.  The value of 
these alternative water sources is that most uses of water do not require 
such high levels of treatment.  And, once water has been treated to the 
standard of being drinkable, it can usually be used more than once for 
different purposes, sometimes with less-intense levels of treatment. 

There are three types of water described in and regulated by DEQ’s Water 
Reuse Program8: 

Graywater:  water from showers, baths, kitchen and bathroom sinks, and 
laundries (no toilet water, and no biosolids!).  Graywater may not be “clean” 
but it can still be used for subsurface irrigation, with a minimal amount of 
treatment. 

Recycled water:  this is treated effluent (yes, sewage) from a municipal 
wastewater treatment facility.  There are four separate levels of treatment 
within this category, allowing for varied levels (costs) of treatment for 
various and specific purposes. 

Industrial wastewater:  this is treated effluent of water that had been 
used in industrial processes, manufacturing, or some other business use, 
including water used in the process of development or recovery of natural 

                                   
 

8 Daughten R. 2011. Water reuse:  Using our water wisely. In: Department of 
Environmental Quality, editor. Salem, OR: State of Oregon. 
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resources.  Those “industrial processes” might even include the washing or 
processing of fruit, vegetables or other food products. 

The recycled water that would be available to the Highlands is Class A 
(formerly known as “Level IV”), the cleanest-possible product of wastewater 
treatment systems operating in the State of Oregon (as regulated by the 
DEQ).  Class A recycled water is the end-product of CWS’ Durham 
Wastewater Treatment Facility.  Any excess treated water is released into 
the Tualatin River. 

SAFETY OF RECYCLED WATER 
Class A recycled water is not intended for human consumption (drinking or 
cooking), or for swimming (refer to Authorized Uses of Recycled Water on p. 
63), but it is approved for virtually any other use, including for irrigation and 
agriculture, fishing ponds, and for recharge of groundwater resources 
(aquifers).  Reducing the potential for exposure to the recycled water from 
the Highlands’ irrigation system remains an important consideration, 
however.  The two Associations already follow several recommended 
practices for reducing public exposure9:  they use irrigation schedules that 
run during off-hours, and winds are normally diminished during those early 
hours of spraying, too.  Implementation of low-pressure and low-profile 
sprinklers and drippers will further help to reduce overspray. 

Class A recycled water is a product of the wastewater treatment process 
used by Clean Water Services; it is treated sewage (effluent).  Ordinarily, 
that treated water is released into the Tualatin River.  While recycled water 
may contain some coliform bacteria, the number of cells present per volume 
of water (usually from 2.2-23 cells/100ml of water, about 3 1/3 fluid 
ounces) is exceedingly low (refer to Testing and Monitoring  on p. 64).  In 
fact, if you were to pour that amount of treated water onto the soil in your 

                                   
 

9 IMD:  Implementing Oregon’s recycled water use rules. 2009. In: Department of 
Environmental Quality, editor. Portland, OR: Water Quality Division.  119 pp. 
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garden, it would greatly decrease the concentration of bacterial cells in that 
little area of soil.  The same is true for the treated water released into the 
Tualatin River; too much of this clean water would actually be harmful to the 
natural ecosystem of the river.   

Other recycled-water clients (such as the three golf courses) of CWS 
temporarily store their treated water on-site in open ponds.  Fountains are 
used to aerate the ponds to reduce algal growth.  Still, those ponds are 
open, natural systems, the ponds are often visited by waterfowl (ducks, 
geese), and the ponds are inhabited by many kinds of vertebrates (frogs, 
turtles, fish) and countless species of invertebrates and single-celled 
organisms.  The recycled water that arrived from CWS was nearly pure and 
sterile compared to the water that is pumped from those ponds and sprayed 
out through the irrigation systems. 

As with the use of Class A recycled water at the public parks and K-12 school 
facilities, as well as at the golf courses and office buildings, Highlands 
residents – and their pets – should suffer no harm from the water. 

RELIABILITY OF RECYCLED WATER 
SUPPLY 
In this context, “reliability” refers to the availability of the recycled water 
when the irrigation system runs.  CWS provides Class A recycled water only 
during the summer irrigation season, from May 1 – October 31 (a span of 
184 days). 

DEQ enforces the water-treatment regulations of the State of Oregon at all 
wastewater treatment plants, including CWS’ Durham facility.  To meet 
those standards, CWS closely monitors and tests their recycled water, 
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checking for excess turbidity (suspended inorganic sediments) and microbial 
contamination (bacteria)10. 

Turbidity, or the clarity of the water, is checked on an hourly basis.  
Measurement for bacterial contamination is checked on a daily basis. 

Pure drinking water – as supplied by City of Tigard – has minimal allowed 
inorganic sediments, and aims to have absolutely no detectable levels of 
coliform bacteria in their samples11.  Tigard’s standards for drinking water 
are also enforced by the DEQ, and are, obviously, more-stringent than those 
for CWS’ Class A recycled water. 

If the Class A recycled water produced by CWS 
fails to meet any of their testing standards, 
CWS may stop the pumping of the water to 
their clients.  Similarly, as with any other 
public utility, if there is a mechanical failure 
(e.g., broken pipe, etc.) in their infrastructure, 
CWS will halt pumping of their water to enable 
repairs.  The history of these outages (refer to table at right) shows that 
CWS has, on occasion, halted delivery of their recycled water12.  These 
outages were almost all due to problems with excessive turbidity, and the 
majority of the outages lasted less than one day. 

PROXIMITY OF RECYCLED WATER IN 
KING CITY 
The recycled water pipeline infrastructure installed and maintained by Clean 
Water Services was initially installed to provide water to one of CWS’ earlier 
clients, King City Golf Course.  That pipeline extends to beneath the 

                                   
 

10 IMD:  Implementing Oregon’s recycled water use rules. 2009. In: Department of 
Environmental Quality, editor. Portland, OR: Water Quality Division.  119 pp. 
11 2017 annual water quality report. In: City of Tigard Water Division, editor. Tigard, OR: 
City of Tigard.  8 pp. 
12 Cordon, B., Clean Water Services (3 May 2019).  Personal communication. 

YEAR NUMBER OF 
OUTAGES 

2014 3 
2015 11 
2016 4 
2017 13 
2018 6 
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intersection of SW King Charles Avenue and SW King George Drive.  The 
pipeline would then need to be further extended to the eastern edge of the 
Highlands’ property, a distance of about 0.15 miles. 

DELIVERING RECYCLED WATER TO 
HIGHLANDS PROPERTY 
Clean Water Services will be responsible for extending their recycled water 
pipe onto Highlands’ property.  The pipeline can be extended via a 
subsurface boring/drilling process, rather than trenching. 

The water pressure in that pipeline is only about 10 PSI, as compared to 70± 
PSI in the potable water system maintained by City of Tigard.  The irrigation 
systems require an operating pressure of 30-50 PSI; therefore, there will be 
a requirement for a booster pump to raise the water pressure13.  That pump 
be located on Highlands’ property. 

The rating of the booster pump is 15 HP, requiring a 240V electrical circuit 
(some trenching may be required for the installation of the electrical circuit).  
The pump will need to be installed on a concrete pad, and enclosed within a 
cover to protect the pump and its circuitry.  The “footprint” of the booster 
pump on the concrete pad will be 10’3” L x 4’9” W (just under 50 ft2), and 
the enclosure will be about 6’10” H.  The optimal location for that pump, to 
provide maximum distance away from any of the living units in the 
Highlands, is just to the east of the 128th Place cul-de-sac.  MAP IN 
APPENDIX! 

The pump should only be running in the early-morning hours three 
days/week, when the irrigation system controllers run through their 
schedules. 

                                   
 

13 Stegman, J., Brightview Landscaping, Preliminary engineering study, 20 October 2017. 
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DISTRIBUTING RECYCLED WATER TO 
IRRIGATION LOOPS 
Using recycled water for irrigation means that there will be two separate 
water systems in the Highlands:  the potable (drinking) water supplied by 
City of Tigard, and the Class A recycled water supplied by Clean Water 
Services.  Those systems must always be completely separate from each 
other; no recycled water (or any water from an irrigation system) must be 
allowed to flow “backwards” into City of Tigard’s potable water system.  This 
is the reason for the backflow devices that are installed adjacent to each 
water meter.  The current irrigation systems in the HPCA and HOA are 
connected to the City of Tigard water source via a backflow device.  New 
backflow devices will be necessary to isolate the existing water infrastructure 
from the new recycled water supply. 

After conversion to Class A recycled water (or, from the opposite 
perspective, after converting away from using potable water for irrigation), 
the Highlands would need to change all of the sprayers and other above-
ground components of the irrigation system to clearly indicate the presence 
of recycled water; after all, this water is not meant for consumption by 
humans.  However, there does not seem to be any urgency to that 
process14. 

As above-ground components (e.g., PVC pipe, spray 
heads, nozzles, etc.) are serviced or changed out, new 
components should be marked as carrying or delivering 
recycled water.  Anyone who has been in Arizona or 
Southern California is used to seeing purple pipes and 
signage (refer to figure at right).  Oregon does not have 
that same sense of urgency.  Oregon state law (OAR 340-

                                   
 

14 Heins, P., Biosolids and Water Reuse Programs Coordinator, Oregon DEQ.  (17 April 
2019). Personal communication. 
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055-0030(5)15) defers to the 1992 "Guidelines for the Distribution of 
Nonpotable Water" of the California-Nevada Section of the American Water 
Works Association.  Therefore, these components can be changed out, 
gradually, over time; there will be no additional up-front expenses related to 
the recycled-water option. 

Even the signage – “passive communication mechanism(s)” – is somewhat 
arbitrary.  Those signs, too, can be added as time and funding allows. 

DECOMMISSIONING & RIGHTSIZING 
WATER METERS 
If bringing in Class A recycled water for irrigation is part of the proposed 
solution, it would make sense to review the sizes of the water meters used 
for measuring potable water purchased from the City of Tigard. 

One meter in particular, the “HOA C” meter located along SW 131st Avenue 
just south of Peachvale Street, would become extraneous.  That 1.5” meter 
measures water used only for irrigation.  For 2019, the fixed charge for that 
meter is $173.93/month, or nearly $2100/year.  That meter could be 
decommissioned, and the account made inactive, immediately after the 
recycled water is available to the irrigation loop(s).  The 1.5” water line that 
feeds that meter could remain in place; if the Associations should ever need 
potable water service near that location again, the City of Tigard Water 
Department would be able to reconnect that line, without the fees that would 
normally be incurred for new service16. 

It is important to note here that the City of Tigard Water Department does 
allow for turning on and turning off meters (effectively suspending the 
account).  This service acknowledges that some residential customers may 
be away for several months during the year, or may not need to run 

                                   
 

15 Oregon Dept. of Environmental Quality.  2019.  Division 55:  Recycled Water Use.  
https://secure.sos.state.or.us/oard/displayDivisionRules.action?selectedDivision=1472 
16 Goodrich, J., City of Tigard Public Works (29 April 2019).  Personal communication. 
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irrigation systems during the rainy Winter season.  As long as the duration of 
the suspension of service is a minimum of three months, the Water 
Department can schedule for the turning on and off of meters as needed.  
This policy will be implemented by the HOA’s Architecture & Landscape 
Committee in the fall of 2019, after the summer irrigation season ends, to 
save the cost of the monthly fixed charge on the HOA C meter (an expected 
savings of over $1200). 

Of the remaining ten water meters, three are for domestic water only for 
several of the Condo buildings, and the other seven measure water used for 
both domestic consumption as well as irrigation.  If those meters no longer 
need to handle the volumes of water used for irrigation, they may be able to 
be “rightsized” to smaller and less-expensive sizes.  For example, over 90% 
the potable water flowing through the 2-inch “HOA D” meter that serves the 
Clubhouse is used for irrigation.  The fixed charge for that meter is 
$282.20/month, or close to $3400/year.  It’s possible that the HOA D meter 
could be scaled back to just a ¾” meter (slightly larger than the 5/8” meters 
on Highlands homes).  The ¾” meter cost in 2019 is $42.29/month, or just 
over $500/year, a cost savings of nearly $3000/year for just that one meter 
alone.  It is very likely that several of the seven meters serving Condo 
buildings could be similarly rightsized. 
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FURTHER OPTIONS AND 
EFFORTS 
TO REDUCE WATER COSTS 

CUTTING BACK ON WATERING 
SCHEDULES 
 

CREATING DEDICATED IRRIGATION 
ZONES 
A common mistake for homeowners and even campuses with larger, more-
varied spaces (such as those in the common areas of the Highlands) is to 
have a mixture of plant types, and/or a mixture of irrigation devices.  
Grasses are not the same kinds of plants as trees; to treat them as if they 
have the exact same water requirements would be to either drown one or 
cause the other to die of thirst! 

Similarly, an irrigation zone should really have only one type of water 
applicator (e.g., only sprayers, or only drip).  This is because the different 
sorts of water-application components operate at different pressures – and 
drip emitters are much lower pressure devices than sprayers.  If you have a 
mixture of water applicators in a zone, sprayers would bleed off too much 
water and pressure, causing the drip emitters to be unable to deliver their 
planned amount of water to the target plants. 

UPDATING DELIVERY OF WATER TO 
PLANTS 
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ALTERNATIVE PLANTINGS AND ROCK 
GARDENS 
The Highlands’ walking path runs for about 0.75 miles in a roughly 
rectangular loop.  The path goes by some garden areas, planted with shrubs 
and perennials, and also beneath larger trees – such as the Douglas firs in 
the southeast corner of the property.  Most of the path, though, passes 
through open areas of turf grass.  The “view” of the area immediately 
surrounding the walking path can get a bit tedious through those lawn 
spaces. 

The variety of plantings also requires a corresponding variety of irrigation 
techniques and components; not all plants require the same amounts of 
water, nor do all areas along the walking path share the same exposures. 

Over the years, in an effort to introduce some new garden areas in the 
interior of the greenways, the ALC has worked with several Portland-area 
landscape design firms (e.g., Dennis’ 7 Dees and ProGrass).  The objective 
has been to increase the visual and textural variety of the planted spaces, 
using not only new plants, but also large boulders, new benches and other 
features.  The goal of reducing the amount of water needed for irrigating a 
given area has not always been the major objective.  The proposed plantings 
may also be a variety of non-native species that could offer pleasing 
aesthetic benefits, but may not be ideally suited to our climate. 

Several designs have been developed (refer to Sample Designs for Feature 
Gardens in the Appendix, starting on p. 66).  The design effort requires 
considerable time and investment on the part of the landscape designers; 
consequently, only very rough estimates of the implementation costs are 
available.  Unfortunately, the cost estimates associated with the designs in 
the Appendix have been lost. 

It is important to note here that the up-front costs of implementation are 
both varied and considerable.  Those costs include (but are not limited to):  
removal of existing planting material (e.g., sod, shrubs and/or trees); re-
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working of irrigation zones, sprayers and emitters; purchase and installation 
of new planting material (shrubs, grasses, etc.), mulch and/or bark dust, 
boulders and other hard features.  There will also be ongoing maintenance 
(pruning and weeding), and occasional replacement of plants.  Watering 
costs, assuming the use of high-efficiency spray nozzles and drip emitters, 
may actually be equal to the current irrigation system. 

While not exactly to the same scale as the design created by Dennis’ 7 Dees 
(presented in the Appendix), two smaller spaces are available for 
comparison.  The seasonal “color spot” areas – the first being at the SW 
corner of 129th Terrace and Peachvale, and the second at the NE corner of 
131st Avenue & Dickson – offer examples of re-worked planted areas.  Both 
require clearing and other prep in the spring, before planting, as well as in 
the fall, after the seasonal annuals have died.  All of the plants are flowering 
annuals, and must all be purchased in the spring.  During the summer, the 
planted areas require considerable water (flowering annuals generally do 
require more water), weeding, and a bit of fertilizer to encourage the 
flowers.  The Dickson & 131st Avenue color spot costs $1,385 (not including 
water) per year to maintain. 

The end result of the transformed garden areas may well be beautiful.  
However, their up-front costs would likely never be recouped in reduced 
irrigation cost, especially when combined with the annual maintenance 
costs. 

AUTOMATING IRRIGATION SYSTEM 
 

WHY NOT JUST DRILL A WELL? 
Well, it’s illegal in our area of Washington County – prohibited by and highly 
regulated under Oregon Revised Statutes (ORS) 536 & 537. 

The water wells drilled in the Cooper and Bull Mountain areas tapped into 
aquifers that were mostly of basalt, with a few sedimentary reserves.  
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Starting in the 1950s, well operators had observed declines in the water 
levels of 6-8 feet per year.  The State Engineer of Oregon stopped accepting 
applications for drilling permits in this area by the end of May, 197017. 

The Oregon Water Resources Department (OWRD) has designated certain 
geographic areas of the state as Critical Groundwater Areas (due to pumping 
that exceeds long-term natural recharge) or Groundwater Limited Areas 
(due to resource depletion). If you live in one of these areas there are 
restrictions placed on new uses and possibly even on existing uses.  The 
Cooper Mountain-Bull Mountain Critical Groundwater Area (CGWA) was 
established by the State Engineer of Oregon on May 17, 197418. 

King City Highlands HOA and HPCA are within the area described by this 
CGWA.  The previous landowner – prior to development of the Highlands – 
was involved in agriculture and ran a small dairy business, and had a 
shallow, hand-dug well.  That well was not among the 80 wells with vested 
claims to water in the area of the CGWA, and had to be shut down before 
the Highlands community was developed.  As a point of comparison, the 
King City Golf Club (well permit #G-3463, well log WASH 11587, originally 
developed and managed by the Tualatin Development Co.) did have a well 
with water rights.  King City petitioned the State Engineer to allow continued 
use of that well for irrigation of the golf course – but that request was 
denied19. 

The good news is that groundwater resources in the Cooper Mountain-Bull 
Mountain CGWA have recovered, but not to the point where prior wells could 
begin extracting again, let alone new wells be allowed.  The total authorized 
water rights, even back in the 1970s, were already in excess of a sustainable 

                                   
 

17 State Engineer. 1974. On the question of determination of a critical ground water area in 
the Cooper Mountain - Bull Mountain area, Washington County. Salem, OR: State of 
Oregon. 44 pp. 
18 Ibid. 
19 Ibid. 
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yield, and that was at a considerably-smaller population than we have today 
in our area. 

ON-SITE WATER STORAGE OPTIONS 
Portland does still have a rainy season, and plenty of excess precipitation 
(rainwater and melted snow) run off the rooftops, through the downspouts, 
and out into the storm drains.  A portion of that water could be captured in 
rain barrels, an option that can – and probably should – be considered by 
the homeowners, at least. 

The larger challenge, however, would be to store a reasonable portion of the 
water needed for irrigation around the common areas of the HOA and HPCA.  
In 2018, the two Associations used approximately 5,870 CCFs (hundreds of 
cubic feet) of water for irrigation.  That volume of water is roughly 
equivalent to the total combined amount of water used by 90-95 Highlands 
homes. 

A cubic foot of water is equal to 7.481 US gallons.  So, 587,000 ft3 is equal 
to 4,391,347 gallons.  For this discussion on trying to store a given volume 
of water, the geometry of working in cubic feet would actually be a little 
easier.  However, real-life examples of municipal water storage tanks of 5M 
gallons or so aren’t hard to come by20.  One thing becomes clear pretty 
quickly:  the Highlands doesn’t have room (or the funds) to construct and 
then maintain a tank that would be over 125’ in diameter and about 70’ tall, 
and may cost around to $2.7 million to build21.  A tank that size is also 
difficult to hide behind a hedge. 

What about storing enough water on site for just two weeks of the irrigation 
season?  Two weeks is about one-eleventh (1/11) of a 5-month (or 22-
week) irrigation season.  One eleventh of 5,870 CCFs is a volume of water 

                                   
 

20 City of Fort Worth, Texas – Five Million Gallon Water Storage Tank. 2014. Garland, TX: 
Preload LLC; [accessed]. https://preload.com/five-million-gallon-water-storage-tank/. 
21 Michigan Assessor’s Manual - Volume II Commercial / Industrial. 2014. Lansing, MI: 
Michigan State Tax Commission. 
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that is nearly 54,000 ft3.  A cylinder of that volume would be approximately 
50 feet in diameter and at least 30 feet tall.  Again, no likely place in the 
Highlands to locate such a structure. 

In contrast, a 50-gallon rain barrel that a homeowner could easily install 
would be about 21” in diameter and 30” tall, and could easily be hidden 
behind a fence. 

An on-site pond would have to be sufficiently large and deep to hold enough 
water for irrigation, and it would also need a fountain for aeration to reduce 
algal growth.  Locating a pond of sufficient volume also is problematic. 

Given the excessive costs of construction and maintenance and difficulty of 
locating the structure(s) on site, none of these on-site storage options 
(except the rain barrels for individual homeowners) offer a viable option. 

SITE VISITS 
The Highlands’ Recycled Water Project Team visited several reference sites 
to study how recycled water made a difference for the site.  Those sites 
included: 

Summerfield Golf Course; Rick Sullivan, Course Superintendent; 04/16/19 

(text about water-efficient gardens) 
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PHASE 3:  IMPLEMENTATION 
AND FINANCING OPTIONS 

Proposed solution(s): 

Planning stages: 

Construction stages: 

Financing (different elements likely to be treated/financed differently): 
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FIGURES 

 

 
Figure 4 - Map of water meters in the Highlands.  Meters "C" 
and "D" are for the HOA, meters 1-9 are for HPCA. 
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Figure 5 - Total volume of potable water consumed by the HPCA, 1/2011-12/2018. 

 

Figure 6 - Total volume of potable water consumed by the HOA, 1/2011-12/2018. 
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Figure 7 - Total volume of potable water consumed by both the HPCA and HOA, 1/2011-
12/2018. 

 

 

Figure 8 - Total volume of water used for irrigation in the Condos.  Three of the HPCA 
meters (#s 2, 5 and 6) are used for domestic water only. 
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Figure 9 - Total volume of water used for irrigation by the HOA.  Meter “HOA D” measures 
water used for irrigation around the Clubhouse. 

 

 

Figure 10 - Total volume of water used for irrigation throughout by both the HPCA and HOA. 
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Figure 11 - Portion of water measured by the six HPCA meters used for irrigation. 

 

 
Figure 12 - Portion of water measured by the two HOA meters used for irrigation. 
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Figure 13 - Total cost of water charged to the nine accounts of the HPCA. 
Note the evidence of a leak downstream of the Condo 6 meter, from October 2014 through 
October 2015. 

 

 

Figure 14 - Total cost of water charged to the two accounts of the HOA. 
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Figure 15 - Total cost of water between the HCPA and HOA. 

 

 

Figure 16 - Cost of water purchased for irrigation (2011-2018) around the Condos. 
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Figure 17 - Cost of water purchased for irrigation (2011-2018) around the Clubhouse and 
the common areas of the HOA. 

 

Figure 18 - Total cost of water purchased for irrigation between the HPCA and HOA (2011-
2018). 
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Figure 19 - Cost per hundred-cubic-foot unit of water used for irrigation, 2011-2018.  
Note:  this is the cost of the irrigation water only, and does not include costs for fixed 
infrastructure (i.e., water meters). 
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Figure 20 - Projected increase in water cost, from 2019-2028.  A linear-regression model 
(dashed line) was used to predict future irrigation water expense based on both historical 
increases in water consumption and anticipated cost increases from Tigard Water Dept. 
Separately, if irrigation water volume could be held at 2018 level (5870 CCFs), solid red line 
shows only the effect of anticipated cost increases – 3.25%/yr – from Tigard Water Dept. 
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Figure 21 - Portland Climograph; temperature and rainfall history (1981-2010).  
Blue columns are 5-year average (2014-2018) volumes of water (CCFs) used for 
irrigation in the Highlands, HOA & HPCA combined.  Weather data source:  National 
Weather Service. 
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Figure 22 - Distribution of costs for the fixed meter charge and for water 
used for domestic consumption and irrigation in the HPCA. 
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Figure 23 - Distribution of costs for the fixed meter charge and for water 
used for domestic consumption and irrigation in the HOA.  The HOA uses 
very little water inside the Clubhouse; most consumption is for 
irrigation. 
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Figure 25 – Rate of increase for annual HOA assessment is lower than 
the rate of increase in portion of assessment that pays for the water. 

Figure 24 - Total cost of water purchased by the HOA, 2010-2018.  
Average annual increase is 25.5%. 
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APPENDICES 

IRRIGATION MAP OF THE HIGHLANDS 
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EXAMPLE OF CITY OF TIGARD WATER 
BILLS 
Examples of bills for potable water are shown below. 

Example of an “off-season” water bill for the HOA D meter, located just outside the 
Clubhouse.  Only one CCF of water was used (all for domestic consumption within the 
building).  The extreme majority of this bill was due to the fixed monthly charge for the 
meter. 
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Example of an “irrigation season” water bill for the HOA D meter, located just outside the 
Clubhouse.  The total cost of the water consumed is based on the type of service (in this 
case, “Multi-Family”), and the size of the water meter (2”).  In addition, the City of Tigard 
Water Department uses a tiered cost structure to encourage conservation of water.  The 
net result, especially during irrigation season, is that the greater volume of water used 
leads to more-expensive water (on average), and much higher water bills. 



Irrigation Cost Reduction Project 26 June 2019 

Page 62 

Example of an “irrigation season” water bill for the HOA C meter, located on 131st Avenue.  
Irrigation-only accounts are charged the highest water rates, and there is no tiered rate 
structure – methods employed to discourage the use of potable water simply for irrigating 
plants.  
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AUTHORIZED USES OF RECYCLED WATER 
Recycled water is highly regulated by the State of Oregon’s Department of 
Environmental Quality.  Recycled water is available in several grade levels; 
Class A is the highest-quality level, and would be used for irrigation in the 
Highlands. 
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TESTING AND MONITORING SCHEDULES 
Clean Water Services tests their Class A recycled water product on an hourly 
basis to monitor levels of suspended sediments, and on a daily basis to 
check for concentrations of bacteria. 
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CURRENT RECYCLED WATER CLIENTS OF 
CWS 
Clean Water Services has a variety of existing clients for their Class A 
recycled water.  These clients include public schools, community parks, golf 
courses and office buildings – all places Highlands residents may already 
visit on a regular basis. 

CLIENT NAME ADDRESS TYPE OF 
PROPERTY 

Tualatin Country Club 
9145 SW Tualatin Road 
Tualatin, OR 

Golf course 

Summerfield Golf Course 
10650 SW Summerfield Drive 
Tigard, OR 

Golf course 

King City Civic 
Association 

15245 SW 116th Avenue 

King City, OR 
Golf course 

City of Tigard 
(Cook Park) 

13125 SW Hall Blvd. 
Tigard, OR 

Public park 

City of Durham 
(Durham City Park) 

17160 SW Upper Boones 
Ferry Rd. 
Durham, OR 

Public park 

Durham Elementary 
School 

8048 SW Shaffer Lane, 
Tigard, OR 

Public school 

Tigard High School 
9000 SW Durham Rd. 
Tigard, OR 

Public school 

Tigard-Tualatin School 
District 23J 

6960 SW Sandberg St. 

Tualatin, OR 
Admin. Bldg. 

Tualatin Valley Irrigation 
District 

2330 Elm Street 
Forest Grove, OR 

Admin. Bldg. 

Hickox Property 
8605 SW Celilo St. 
Tualatin, OR 

Private property 
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SAMPLE DESIGNS FOR FEATURE 
GARDENS 
Dennis’ 7 Dees has done at least one round of designs for landscape improvements.  The 
next two illustrations are from their 2009 design project with the ALC.  Unfortunately, no 
detailed cost estimate or projection for reduction in water is available. 

This garden area 
is approximately 
64’ x 100’. 
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Another garden feature area designed by Dennis’ 7 Dees in 2009.  Again, no cost 
estimates or reductions in water consumption are available. 
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