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WATER SCORE BASED SITE 
DEVELOPMENT 

TECHNICAL FIELD 

0001. This disclosure relates to techniques for managing 
the impact development has on site rain water drainage. 

BACKGROUND 

0002 Green development (also known as green construc 
tion or Sustainable building) may refer to structures that are 
environmentally responsible and resource-efficient through 
out their life-cycle: construction, operation, maintenance, 
renovation and demolition. Green development expands and 
complements the classical building design concerns of 
economy, utility, durability and comfort. 

SUMMARY 

0003) A site may have a surface area and include post 
development buildings, parking lots or sidewalks arranged to 
occupy a portion of the Surface area greater than existing 
buildings, parking lots and Sidewalks of the site. The site may 
also include post-development rain water containers or rain 
water infiltration systems configured to slow a rate at which 
rain water drains from the site and arranged on the site Such 
that a water score based on an expected rainfall for the site and 
curve numbers of the site under pre-settlement, existing and 
post-development conditions falls within a predetermined 
range. 
0004 An architectural design system may include one or 
more computers programmed to receive input specifying 
plans for a site having a Surface area, post-development build 
ings, parking lots or sidewalks arranged to occupy a portion of 
the Surface area greater than existing buildings, parking lots 
and sidewalks on the site, and post-development rain water 
management apparatus arranged to occupy a portion of the 
Surface area and configured to at least slow the rate at which 
rain water drains from the site. The one or more computers 
may be further programmed to compute a water score for the 
site based on expected rainfall for the site and a perviousness 
of the site under pre-settlement, existing and post-develop 
ment conditions, and output the water score. 
0005. A computer storage medium may have instructions 
stored thereon that, when executed by a computer, cause the 
computer to prompt a user to provide input specifying plans 
for (i) a site having a Surface area, (ii) post-development 
buildings, parking lots or sidewalks arranged to occupy a 
portion of the Surface area greater than existing buildings, 
parking lots and sidewalks on the site, and (iii) post-develop 
ment rain water management apparatus arranged to occupy a 
portion of the Surface area and configured to at least slow the 
rate at which rainwater drains from the site. The instructions, 
when executed by the computer, may further cause the com 
puter to compute a water score for the site based on expected 
rainfall for the site and a perviousness of the site under pre 
settlement, existing and post-development conditions, and 
output the water score. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a plot of the relationship between rainfall, 
curve number and runoff. 
0007 FIGS. 2a, 3a and 4a are block diagrams of pre 
settlement, existing and post-development site conditions. 
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0008 FIGS. 2b, 3b and 4b are schematic diagrams, in 
simplified cover type notation, of the site conditions of FIGS. 
2a, 3a and 4a respectively. 
0009 FIG. 5 is a table summarizing the cover type infor 
mation of FIGS. 2b, 3b and 4b along with corresponding 
curve numbers. 
0010 FIG. 6 is a table listing curve numbers by cover type 
and hydrologic soil group. 
(0011 FIGS. 7a, 7b and 7c list monthly average rainfall 
and resulting average runoff values for the pre-settlement, 
existing and post-development site conditions of FIGS.2b, 3b 
and 4b respectively. 
0012 FIG. 8 is a table of average runoff by rainfall and 
curve number. 
0013 FIG. 9 is a bar chart of average runoff and water 
score for the pre-settlement, existing and post-development 
site conditions of FIGS. 2b, 3b and 4b respectively. 
0014 FIG. 10 is a flow chart of an algorithm for determin 
ing a site water score. 

DETAILED DESCRIPTION 

00.15 Embodiments of the present disclosure are 
described herein. It is to be understood, however, that the 
disclosed embodiments are merely examples and other 
embodiments can take various and alternative forms. The 
figures are not necessarily to Scale; some features could be 
exaggerated or minimized to show details of particular com 
ponents. Therefore, specific structural and functional details 
disclosed herein are not to be interpreted as limiting, but 
merely as a representative basis for teaching one skilled in the 
art to variously employ the present invention. As those of 
ordinary skill in the art will understand, various features 
illustrated and described with reference to any one of the 
figures can be combined with features illustrated in one or 
more other figures to produce embodiments that are not 
explicitly illustrated or described. The combinations of fea 
tures illustrated provide representative embodiments for typi 
cal applications. Various combinations and modifications of 
the features consistent with the teachings of this disclosure, 
however, could be desired for particular applications or 
implementations. 
0016 Rain water runoff from a developed site can affect 
the ecological environment of the site and its Surroundings. 
Additional development Such as buildings, parking lots, side 
walks, etc. can increase the amount of site surface area occu 
pied by impervious Surfaces and therefore exacerbate issues 
with storm water runoff. That is as the site footprint of build 
ings, parking lots, sidewalks, etc. increases, the rate at which 
rain water drains from the site typically increases. 
0017. It has been discovered that the impact current devel 
opment has had and proposed development will have on site 
rain water runoff can be quantified and compared by way of a 
water score. And that rain water management apparatus Such 
as rain water containers, rain water infiltration systems, per 
vious pavement, etc. can be arranged to improve a site's water 
score even though the amount of site Surface area occupied by 
impervious Surfaces may be increasing. In certain examples, 
expected rain water runoff is calculated for pre-settlement, 
existing and post-development site conditions. The rainwater 
runoff may be based on the expected rainfall for the site and 
the site's curve number (CN) (discussed in greater detail 
below) for each condition. 
0018 Pre-settlement conditions reflect the state of the site 
prior to any development activities (e.g., the state of the site 
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prior to the arrival of Columbus in the Americas). Existing 
conditions reflect the state of the site prior to the proposed 
development (e.g., the state of the site as it is, the State of the 
site before further proposed development is carried out). 
Post-development site conditions reflect the state of the site as 
if the proposed further development has been completed. 
0019 Developing site water scores may include estimat 
ing water runoff. Techniques for estimating water runoff 
based on site conditions (e.g., Soil, vegetation, topography, 
impervious surface, etc.) are known. The Technical Release 
55 (TR-55) simplified procedures (“procedures') is an 
example of such a technique. The United States Department 
of Agriculture Natural Resources Conservation Service Con 
servation Engineering Division Technical Release 55 “Urban 
Hydrology for Small Watersheds.” June 1986 details the pro 
cedures. In Summary, the procedures present simplified meth 
ods to calculate rain runoff volume, peak rate of discharge, 
hydrographs and storage Volumes required for floodwater 
reservoirs. 

0020. Although the SCS runoff curve number method 
detailed by TR-55 is well known, a brief discussion of it is 
included herein for reference. The SCS runoff equation is 

where, Q-runoff (inches), Prainfall (inches), Spotential 
maximum retention after runoff begins (inches), and 
I initial abstraction (inches). I represents all losses before 
runoff begins: it includes water retained in Surface depres 
sions, water intercepted by vegetation, infiltration, etc. I can 
be approximated by the following empirical equation: 

I=0.2S (2) 

0021. Substituting (2) into (1) yields 
Q=(P-0.2S)°/(P+0.8S) (3) 

Building 

B 

0022 S is related to soil and cover conditions through CN, 
which has a range between 0 and 100, according to the fol 
lowing equation: 

S={1000/CN-10 (4) 
0023 Substituting (4) into (3), FIG. 1 graphically illus 

trates the relationship between P, Q and CN. Therefore if P 
and CN are known, Q can be determined. 
0024 TR-55 provides tables that list CN values according 
to cover type (e.g., vegetation, bare soil and impervious Sur 
face), hydrologic condition (e.g., effect of cover type and 
treatment on infiltration and runoff), average percent imper 
vious area, hydrologic soil group as well as other factors. 
There are a number of methods for determining cover type 
including field reconnaissance, aerial photographs and land 
use maps. Hydrologic condition can be estimated from plant 
density and residue cover of sample areas. A good hydrologic 
condition indicates that the soil has a low runoff potential 
given the cover type, Soil group, etc. Factors that may be 
considered in estimating hydrologic condition include Veg 
etative density, seasonal coverage, lawn area and degree of 
Surface roughness. 

Building Parking Lot 
(Traditional) (Green) (Traditional) 
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0025 Referring to FIGS. 2a, 3a and 4a, an example site is 
shown under pre-settlement, existing and post-development 
conditions. Pre-settlement conditions, as mentioned above, 
can be determined from land use maps, etc. In this example, 
the pre-settlement site is completely covered by woods 10. 
The existing site includes buildings 12, a parking lot 14, a 
sidewalk 16, a lawn 18 and woods 20. The relative size and 
shape of the boxes represent the approximate Surface area 
occupied. Again, maps or field reconnaissance can be used to 
determine existing conditions. The post-development site 
includes buildings 22, a parking lot 24, a sidewalk 26, a lawn 
28 and woods 30 as well as water management apparatus. 
Notably, the buildings 22, parking lot 24 and sidewalk 26 
occupy a greater portion of the site than under existing con 
ditions. In this example, the water management apparatus 
include water containers 32 (located on top of the buildings 
22), pervious pavement 34 (which is part of the parking lot 
24) over a water infiltration system 36 (that is, the water 
infiltration system 36 is underneath the pervious pavement 
34), and a pervious sidewalk38 (which is part of the sidewalk 
26). Of course, other Suitable water management apparatus 
(e.g., bioswales, vegetative roof coverings, etc.) may be used. 
0026. As known in the art, water containers can be any 
type of reservoir that captures and stores rain water or slows 
the rate of rain water runoff water infiltration systems are 
in-ground arrangements of particular soils, gravel, etc. 
arranged to have Voids and that slow the rate at which rain 
water drains from the system; and pervious pavements or 
sidewalks, for example, are black top or concrete like mate 
rials that allow increased amounts of rain water to drain 
through them as compared with impervious Surfaces. 
(0027. Referring to FIGS. 2b, 3b and 4b, the site of FIGS. 
2a, 3a and 4a has been divided into a 10 by 10 grid with each 
cell representing a 1 acre plot of land. Table 1 provides a 
legend for the notation used in FIGS. 3a through 3c. 

TABLE 1. 

Parking Lot Misc. Paved Misc. Paved 
(Green) (Traditional) (Green) Lawn Woods 

P p S S L W 

That is, the letter “B” (capital and lower case) is used to 
represent 1 acre of land occupied by buildings, the letter “P” 
(capital and lower case) is used to represent 1 acre of land 
occupied by parking lots, the letter “S” (capital and lower 
case) is used to represent 1 acre of land occupied by miscel 
laneous pavement (e.g., sidewalks), the letter 'L' represents 
1 acre of land occupied by lawn, and the letter'W' represents 
1 acre of land occupied by woods. Lower case letters indicate 
that those portions of the site have been constructed to include 
water management apparatus. In this example, the water con 
tainers 32 cover 8 acres of the buildings 22, the pervious 
pavement 34 and underlying infiltration system 36 comprise 
8 acres of the parking lot 24, and the pervious sidewalk 38 
comprises 3 acres of the sidewalk 26. 
0028. The cover type notation used to characterize the site 
Surface under the pre-settlement, existing and post-develop 
ment conditions is summarized in the table of FIG. 5. This 
information along with site hydrologic soil group, etc. at each 
of the conditions can then be used to derive corresponding 
CNs using the TR-55 tables mentioned above. FIG. 6 pro 
vides an example of such a table. That is for a given cover type 
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and hydrologic soil group, a corresponding CN can be iden 
tified. FIG. 6 lists but a few of the many identified cover types 
and other data in the TR-55 tables. 
0029 Referring again to FIG.5, a CN, for example, can be 
determined for the buildings 12, parking lot 14, etc. and a 
weighted average of these CNS can be computed to generate 
an overall CN for the existing site. A similar process can be 
followed to generate overall CNs for the pre-settlement and 
post-development sites. Assuming for example that the CN 
associated with woods for a given hydrologic soil group 
present at the pre-settlement site is 55, the overall CN for the 
pre-settlement site would be 55 because woods cover 100% 
of the site. Assuming that the CN associated with buildings is 
“V” the CN associated with parking lots is “X” the CN 
associated with sidewalks is “Y” and the CN associated with 
lawn is “Z” for a given hydrologic soil group present at the 
existing site, the overall CN for the existing site can be com 
puted as follows: 

Assuming that the CN associated with a building incorporat 
ing water management apparatus (or green building) is "V.” 
the CN associated with parking lots incorporating water man 
agement apparatus (or green parking lots) is “X” and the CN 
associated with sidewalks incorporating water management 
apparatus is “y” for a given hydrologic soil group present at 
the post-development site, the overall CN for the post-devel 
opment site can be computed as follows: 

FIG. 5 further summarizes the overall CNs for the examples 
above. 
0030 FIGS. 7a through 7c list average monthly rainfalls 
for a 12 month period. The resulting average runoffs associ 
ated with the average monthly rainfalls can be estimated with 
reference to data similar to that listed in FIG. 8 (or with 
equations used to generate data similar to that listed in FIG. 
8). For example, 2.59 inches of rainfall is listed for January 
and the CN for pre-settlement conditions is 55. Referring to 
the column labeled “55” of FIG. 8 and interpolating between 
the rows labeled "2.5” and “3.0, the resulting average runoff 
is 0.10 inches (or 0.8 acre-feet). 2.51 inches of rain fall is 
listed for February and the CN for pre-settlement conditions 
is 55. Referring again to the column labeled “55” of FIG. 8 
and interpolating between the rows labeled "2.5” and 3.0. 
the resulting average runoff is 0.08 inches (or 0.7 acre-feet), 
etc. (Some of the average runoff values listed in FIGS. 7a 
through 7c may differ somewhat from that suggested by FIG. 
8 because equations were used in certain instances to calcu 
late the average runoff as opposed to interpolation.) The total 
average runoff for the 12 month period can be calculated by 
Summing the average monthly runoffs. The above process can 
be followed to determine existing and post-development total 
average runoffs. 
0031. The reuse values of FIG. 7c are associated with 
post-development water management apparatus. As 
explained above, certain water management apparatus Such 
as water containers can capture and store rainfall. This stored 
water may be reused for sewer and other purposes and there 
fore does not impact runoff. The reuse values can be deter 
mined, for example, based on the Volume associated with 
post-development water containers. That is in the example of 
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FIG. 7c, the post-development water containers have a stor 
age Volume equivalent to 0.3 acre-feet. And, the monthly 
rainfall is sufficient to fill completely the post-development 
water containers. 

0032. With reference to FIG. 9, the total average runoffs 
for the pre-settlement, existing and post-development condi 
tions are plotted as a bar chart. To calculate the water score 
associated with the post-development site, the existing total 
average runoff was normalized to a score of 0 and the pre 
settlement average runoff was normalized to a score of 100. 
The post-development average total runoff is then compared 
against the normalized scores to generate a post-development 
water score—in this example, 56. Because the pre-settlement 
runoff was normalized to 100 and the existing runoff was 
normalized to 0, the higher the water score the better. That is, 
pre-settlement runoff is deemed to be optimum. In other 
examples however, the pre-settlement runoff can be normal 
ized to 100 and the existing runoff can be normalized to 0. In 
these examples, the lower the water score the better. 
0033 Several post-development schemes canthus be gen 
erated and compared on the basis of water score. Moreover, a 
particularly attractive post-development plan can be modified 
with water management apparatus if its water score is found 
to be lacking In contrast, conventionally proposed building 
plans may be developed without understanding the impact 
such development will have on rain water runoff relative to 
existing and pre-settlement conditions. 
0034) Note that grids similar to those of FIGS. 2b, 3b, and 
4b need not be used to determine corresponding overall CNS. 
Such grids were discussed for ease of reference. Any suitable 
technique to quantify area may be used. Moreover, tech 
niques other than those associated with TR-55 Such as testing, 
simulation, etc. can be used to determine CNs by cover type, 
etc. 

0035. With reference to FIG. 10, one or more computers 
40 may be programmed to determine water score as described 
above. At operation 42, data is received specifying a site, its 
associated Surface area, and rainfall. As discussed with refer 
ence to FIGS. 2a through 4b for example, the site had a 
surface area of 100 acres. Furthermore, rainfall data similar to 
that described with reference to FIG. 7A may be received. 
Data is received specifying pre-settlement cover types and 
associated Surface areas, existing cover types and associated 
Surface areas, and post-development cover types and associ 
ated Surface areas at operations 44, 46 and 48 respectively. 
Data, for example, similar to that discussed with reference to 
FIG. 5 may be received. At operation 50, water score is 
calculated. That is, the various overall CNs may be deter 
mined using techniques similar to those described with ref 
erence to FIGS. 5 and 6. The pre-settlement, existing and 
post-development total average runoffs may be determined 
using techniques similar to those described with reference to 
FIGS. 7a through 7c and 8. And, the water score may be 
determined using techniques similar to those described with 
reference to FIG. 9. The water score may then be output at 
operation52. The water score, for example, may be displayed 
or stored, etc. Different post-development cover types and 
associated Surface areas may be repeatedly entered to evalu 
ate and compare the water scores associated with each. 
0036. The processes, methods, or algorithms disclosed 
herein can be deliverable to/implemented by a processing 
device, controller, or computer, which can include any exist 
ing programmable electronic control unit or dedicated elec 
tronic control unit. Similarly, the processes, methods, or algo 
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rithms can be stored as data and instructions executable by a 
controller or computer in many forms including, but not lim 
ited to, information permanently stored on non-Writable stor 
age media such as ROM devices and information alterably 
stored on writeable storage media Such as floppy disks, mag 
netic tapes, CDs, RAM devices, and other magnetic and opti 
cal media. The processes, methods, or algorithms can also be 
implemented in a software executable object. Alternatively, 
the processes, methods, or algorithms can be embodied in 
whole or in part using Suitable hardware components, such as 
Application Specific Integrated Circuits (ASICs), Field-Pro 
grammable Gate Arrays (FPGAs), state machines, controllers 
or otherhardware components or devices, or a combination of 
hardware, Software and firmware components. 
0037 
description rather than limitation, and it is understood that 
various changes may be made without departing from the 
spirit and scope of the disclosure. As previously described, 
the features of various embodiments can be combined to form 
further embodiments of the invention that may not be explic 
itly described or illustrated. While various embodiments 
could have been described as providing advantages or being 
preferred over other embodiments or prior art implementa 
tions with respect to one or more desired characteristics, those 
of ordinary skill in the art recognize that one or more features 
or characteristics can be compromised to achieve desired 
overall system attributes, which depend on the specific appli 
cation and implementation. These attributes may include, but 
are not limited to cost, strength, durability, life cycle cost, 
marketability, appearance, packaging, size, serviceability, 
weight, manufacturability, ease of assembly, etc. As such, 
embodiments described as less desirable than other embodi 
ments or prior art implementations with respect to one or 
more characteristics are not outside the scope of the disclo 
Sure and can be desirable for particular applications. 
What is claimed is: 
1. A site having a surface area, the site comprising: 
post-development buildings, parking lots or sidewalks 

arranged to occupy a portion of the Surface area greater 
than existing buildings, parking lots and sidewalks of the 
site; and 

post-development rain water containers or rain water infil 
tration systems configured to slow a rate at which rain 
water drains from the site and arranged on the site Such 
that a water score based on an expected rainfall for the 
site and curve numbers of the site under pre-settlement, 
existing and post-development conditions falls within a 
predetermined range. 

2. The site of claim 1, wherein the predetermined range is 
60 to 80. 

The words used in the specification are words of 
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3. An architectural design system comprising: 
one or more computers programmed to 

receive input specifying plans for (i) a site having a 
Surface area, (ii) post-development buildings, parking 
lots or sidewalks arranged to occupy a portion of the 
Surface area greater than existing buildings, parking 
lots and sidewalks on the site, and (iii) post-develop 
ment rain water management apparatus arranged to 
occupy a portion of the Surface area and configured to 
at least slow the rate at which rain water drains from 
the site, 

compute a water score for the site based on expected 
rainfall for the site and a perviousness of the site under 
pre-settlement, existing and post-development condi 
tions, and 

output the water score. 
4. The system of claim 3, wherein the perviousness of the 

site under pre-settlement, existing and post-development 
conditions is represented by curve numbers for the site under 
pre-settlement, existing and post-development conditions. 

5. The system of claim 3, wherein the post-development 
rain water management apparatus include rain water contain 
ers or rain water infiltration systems. 

6. A computer storage medium having instructions stored 
thereon that, when executed by a computer, cause the com 
puter to 
prompta user to provide input specifying plans for (i) a site 

having a Surface area, (ii) post-development buildings, 
parking lots or sidewalks arranged to occupy a portion of 
the Surface area greater than existing buildings, parking 
lots and sidewalks on the site, and (iii) post-development 
rain water management apparatus arranged to occupy a 
portion of the Surface area and configured to at least slow 
the rate at which rain water drains from the site, 

compute a water score for the site based on expected rain 
fall for the site and a perviousness of the site under 
pre-settlement, existing and post-development condi 
tions, and 

output the water score. 
7. The storage medium of claim 6, wherein the pervious 

ness of the site underpre-settlement, existing and post-devel 
opment conditions is represented by curve numbers for the 
site under pre-settlement, existing and post-development 
conditions. 

8. The storage medium of claim 6, wherein the post-devel 
opment rain water management apparatus include rain water 
containers or rain water infiltration systems. 

k k k k k 


