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ABSTRACT

The quality of natural, and induced stOl'TTl runoff was asaertained from

the 11.33 x 10 6 m2 (2800 aare) Honol,ul,u International, Airport (dail,y average

air traffia vol,ume of about 1000 pl,anes and a mean annual, rainfaU of approx

imatel,y 508 mm [20 in.]) by inaorporating two monitoring sahemes~ the wet

season and the dry season. The wet-season monitoring invol,ved aol,l,eating

stOl'TTl !'Unoff sampl,es during and foUowing rainfaU events at established

airport sites on paved surfaaes. The dry-season monitoring saheme con

sisted of enclosing a 1.0-m2 (10.8-ft 2
) area~ appl,ying deionized water~ and

then col,l,ecting the wash water~ l,eaahed chemical,s~ and sediments by a heavy

duty vacuum cleaner. Phenol,~ meraury~ and turbidity exaeeded the primary

drinking water regu~tions~ whil,e pH~ manganese~ and total,dissol,ved solids

at times exceeded secondary drinking water regul,ations. Grease and oil, aon

centrations showed a definite decrease from the Terminal, Buil,ding (service

and fue ling area) to the outer drainage sites • High technol,ogy treatment~

costing nearly four times the present cost of municipal, water~ woul,d be

required to meet potabl,e water requirements; however for subpotabl,e use~ an

equalization basin aould be aonstructed for one-half the cost of municipal

water. The 1985 projected water demand volume could be met by recovered

storm runoff.
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INTRODUCT ION

The continuing depletion of water resources because of increasing

development in many areas of the United States clearly emphasizes the need

for the development of additional water supplies and/or the conservation of

existing water supplies. The collection of storm runoff that is normally

channeled for direct disposal can be an additional or supplemental source

of water for areas experiencing water shortages. Rooftop catchment of

rainfall into cisterns by individuals in water-short areas has been long

practiced as a source for potable water. However, even though interest has

been expressed in utilizing storm runoff from other fairly:'impervious sur

faces, existing knowledge on the methodology and the quality of this water

is quite limited.

The long-term development of freshwater resources in insular island

environments, such as the Hawaiian Islands and other similar Pacific areas,

is limited to the recoverable portion of precipitation, principally rain

fall. Limited use of desalination is practiced, but the increasing cost of

energy eliminates any consideration of large-scale use as well as fresh

water imported by ships or planes.

The I 567-km2 (605-mile 2
) island ofO'ahu, where over 80% of the state's

approximately one-million population resides, is an excellent example of an

insular island environment. Because of its particular geological configu

tations, this island has been blessed with an abundant freshwater supply,

primarily groundwater; but the sustained recoverable yield has been pro

jected to equal the demand on an island-wide basis by the year 2000, if

development continues as predicted. However, certain groundwater areas on

O'ahu have already reached their sustainable yield. The most notable is the

Pearl Harbor Groundwater Basin in which the Honolulu International Airport

is located. Further purnpage of this groundwater basin will result in higher

chloride levels as sea water intrusion increases.

Thus, the technical and economic feasibility of developing a system to

utilized storm runoff that can be collected from the large impervious air

port surfaces was considered feasible. The potential quantity of storm

runoff that can be reasonably collected may be estimated from the weather

records, e.g., daily, monthly and annual rainfall amount, seasonal patterns,

the rainfall-runoff coefficient (which is a function of the approximate
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quantity of rainfall needed to produce runoff after initial surface adsorp

tion and saturation), as well as the drainage pattern or potential modified

drainage pattern at the airport itself. However, in addition to its quan

tity, the quality of the water is of equal importance to ascertain its po

tential use and/or to determine the treatment necessary to modify the water

for a particular desired use.

Prior to 1970, little data was available on the quality of urban storm

runoff in Hawai'i, which would be expected to be somewhat indicative of the

quality expected from airport surfaces. More recent data in Hawai'i, as

well as other U.S. mainland and international locations, h~s indicated that

storm runoff is highly variable with respect to pollutant levels. No com

plete data on the quality of airport storm runoff was found in the litera

ture--a data base that is necessary to assess the reuse potential of the

runoff.

PURPOSE AND SCOPE

The general objective of this research project is to characterize the

quality of the storm runoff at the Honolulu International Airport. The

airport site was chosen because of the large areas of paved surfaces which

could potentially provide substantial quantities of reusable water during

and after significant storm events.

The project goals are to collect and analyze airport storm runoff

based on the Primary and Secondary Drinking Water Regulations (DOH 1977;

U.S. EPA 1979) and to determine the technical and economic feasibility of

different treatments which will enable storm runoff to achieve various

potable and subpotable quality levels.

LITERATURE REVIEW

An extensive search was cond~cted throughout the literature on urban

runoff, yet little information was found on the water quality of the spe

cific topic, "airport runoff"; This is indeed a curious fact because run

way surfaces are often used as catchment surfaces where groundwater and/or

surface waters are limited or nonexistent (USACE 1970).
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An example of this type of water reuse system is one located on the

island of Majuro, Trust Territory of the Pacific Islands (USACE 1970),

where there is limited groundwater and surface water supply. Thecatchment

system consists of water collected from the paved runways and transmitted

through field inlets and gravity lines to a pump house where it is subse

quently stored in holding tanks prior to filtration and disinfection. The

community is totally dependent on the catchment system for its drinking

water supply. This system is a prime example of water reuse at its highest

beneficial level. Unfortunately, however, no water quality data on the un

treated runoff is apparently available for comparative purposes.

A water quality study was conducted by Fujiwara (1973) in the urban

areas of Honolulu, Hawaii. This report essentially characterized the pol

lutant discharges through separate storm sewers which ultimately discharge

into the Ala Wai Canal. The results of this study indicated low 5-day bio

chemical oxygen demand (BODs) to chemical oxygen demand (COD) ratios that

suggest suppression of biological activity due to either heavy metal contam

ination, a significant level of inorganic chemical oxidizable material, or

a somewhat stabilized organic load. Data from freeway sites indicated very

high lead levels, probably due to automobile emissions. Because more

stringent automobile emission standards have since been adopted as well as

the widespread usage of unleaded fuels, these lead levels should be some

what reduced today. Also contained in the report are high levels--in the

commercial areas--of grease and oil, which are probably due to lubricant

spillage from cars and trucks. A summary of Fujiwara's (1973) results is

shown in Table 1.

The age and condition of the pavement surfaces add a significant

amount of contaminants to the runoff generated from its surface. Fuel and

oil spills accelerate the degradation of the asphalticpavement~ while

automobiles contribute a broad range of materials to the urban surfaces

(Boyd and Sartor 1972). Fuel and lubricants also cause films which are

aesthetically unpleasing, a hindrance to oxygenation (Gaudy and Gaudy 1980),

as well as altering biological life forms after entering the receiving

water.

Heavy metals are of concern because of their potential toxicity to

various life forms (Hutchinson and Stokes 1975). Results of nonpoint run

off from urban areas indicate zinc and lead have the highest loading, and
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TABLE 1. SUMMARY OF RESULTS FROM STORM RUNOFF STUDY
IN URBAN AREAS OF HONOLULU, HAWA III

Tota 1 So 1i ds'~

Suspended Soli ds

COD

BODs

oi sso 1ved Oxygen

NOa N

TKN

Total P

Orthophosphate P

Grease and Oi 1

Lead

Chromium

Zinc

Copper

I ron

Total Coliform

Feca 1 Co 1i form

Fecal Streptococcus

Res idential Commercial ·Industrial
-------------------(mg/i)-------------------

511 278 246
252 142 12
142 209 40

10 19 7

7.1 5.7 6.7
0.211 0.045 1.1

0.381 0.272 2.7
0.57 0.53 2.17
0.27 0.19 1.27

2.8 1,919 2.2

0.407 0.987 1.657
0.013 0.021 0.013

0.512 0.793 0.729
0.036 0.036 0.021

0.377 0.295 0.048

-------------- (no./l00 mi) --------------

83,300 33,500 11,500

1,965 463 580

6,393 7,900 7,350
SOURCE: Fuj iwara ( 1973) .
*Sum of filterable and dissolved solids.

nickel and chromium the lowest (Boyd and Sartor 1972).

Boyd and Sartor (1972) concluded that atmospheric fallout is related

to street surface contaminants. A good percentage of particulate matter in

street runoff is of a size that can be transported by air currents prior to

deposition onto street surfaces. Automobile traffic and commercial air

traffic are the major sources of fine air-borne particles.

In a publication by the U.S. Environmental Protection Agency (1980), a

statistical study was performed that defined the nature of relationships

between runoff sediment loads and concentrations of other water quality

constituents. The report emphasized the correlation between runoff water

quality and suspended sediment. Relationships between runoff water quality
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to storm characteristics were also treated in this analysis. In this re

port, as in previous determinations (Bradford 1977; Wanielista, Yousef, and

McLe110n 1977), the direct correlation between dry days preceding a storm

and runoff quality concentrations appears to be strong. On the other hand,

stonn characteristics, such as rainfall intensity, seem to be poor predic

tors of runoff water quality (U.S. EPA 1980).

An example of a water reclamation system exists on the island of Maui,

Hawai'i, at the Ha1eaka1a National Park. The storm runoff, collected from

a parking lot, flows through stonn drains into a collection basin where it

receives treatment by slow sand filtration followed by disinfection.* This

water is reused in the toilet systems as a subpotab1e water supply. No

water quality data is availabe on either the raw or treated water.*

DESCRIPTION OF THE STUDY AREA
Land Use

The major land uses of the surrounding tributary to the Honolulu Inter

national Airport are the golf course and residential areas. The average

daily air traffic into the airport during the first eight months of 1981 was

1,014 planes, which include military, private, and commercial aircraft.t

The number of ground-crew vehicles total 300.f

The airport is bound by Kamehameha Highway on the north and the ocean

on the south (Fig. 1). The ground slopes from an elevation of 7.6 m (24 ft)

(MSL) along the highway to 1.5 m (5 ft) along the shoreline, which results

in gradual slopes of less than 1%.

Runoff is generated from 11.33 x 106 m2 (2800 acres) of paved, land

scaped, and nonlandscaped surfaces (Park Engineering Inc. 1980). As can be

seen from Table 2, the landscaped area amounts to 7.3% of the total acreage

which includes the golf course.

The runoff drains into three different receiving waters: Ke'ehi Lagoon,

Marine Pond, and the coastal waters off the reef runway. The annual rain

fall averages approximately 508 mm (20 in.) at the airport. If a 0.6 rainfall

runoff coefficient is assumed, which appears reasonable under the circum-

*T. Fake 1981: personal communication.
+M. Tamanaha 1981: personal communication.

R. Peru 1981: personal communication.

I
I
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TABLE 2. DESCRIPTION OF SURFACES AT THE HONOLULU
INTERNATIONAL AlRPORT,

Surface Type Area %of
(~ 10 6 m21 Total

Paved 3.90 34.4
Non landscaped 6.60 58.3
Landscaped 0.83 7.3

Total 11.33 100.0

SOURCE: Park Engineering Inc~ (1980).
NOTE: 1 m2 = 2.471 x 10-~ acres.

stances, a potential total annual stormwater runoff volume of 3.45 x 10 6 m3

(912 mil gal) would be produced. This volume of water is slightly greater

than the projected 3.l8X 10 6 m3 (841 mil gal) yearly demand needed for the

airport facilities for the year 1985 (Park Engineering Inc. 1980). This

quantity of water, or significant portion thereof, could help alleviate

the present serious draft on the Pearl Harbor Groundwater Basin.

Geology

in. /hr)

in. /hr)

in. /hr).

(0.0591-0.201

(0.0299-1.969

(0.0591-0.201

The soils in the area of the airport consist of the Makalapa, Mamala

and Keaau series as well as fill land (Park Engineering Inc. 1980). As re

ported by the U.S. Soil Conservation Service (U.S. SCS 1975), these soils

are classified as "D", slow permeability soils when thoroughly wetted.

Their permeabilities are as follows:

Makalapa 1.501-5.105 mm/hr

Mama1a 0.760-50.013 mm/hr

Keaau 1.501-5.105 mm/hr

MATERIALS AND METHODOLOGY

Prior to the actual sampling program, two plans of collection were pro

posed. One collection method would be utilized during the wet season when

runoff generating events occurred and samples could be easily collected

from the drainage system. The second method would be the contingency plan

used during the dry period when little or no runoff producing storms would
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take place.

Wet-Season Monitoring

During the rainy season, which usually occurs from November through

March of each year, the sampling method involved the use of an 1SCO Auto

matic Sampler, Model No. 1680, which was programmed to operate on a time

activation sequence of S-min intervals. The sampling hose was dropped

through the grating covering the storm drains along the taxiways. Samples

were then pumped into glass bottles contained in the sampler. The sampler

had a capacity for 28 separate samples. The samples were kept cool by ice

blocks stored in the sampler. Because of the short monitoring cycles as

well as the only 20 min transport time back to the University, the samples

were maintained below 4°C. The analytical methods used to determine the

concentration level of the various constituents reported herein were deter

mined in accordance with Standard Methods (APHA, AWWA, and WPCF 1980). The

sites chosen were positioned with respect to their distance along the drain

age system (Fig. 2) and in reference to the distance from the terminal areas

(Table 3). The drainage flowed from the terminal area (No.1 site), thus

samples collected at the downstream sites, such as the Nos. 7 and 8 sites,

included the pollutional loads of the previous upstream sites (Nos. 1, 2

sites), plus the additional storm runoff collected for each additional

drainage area.

The airport storm runoff drains into three outlets: Manuwai Canal,

north peripheral ditch, and Ke'ehi Lagoon. All three discharge eventually

into the ocean. The sections monitored are part of the drainage system

into the north peripheral ditch which was excluded from the study due to

the salt water intrusion during various tidal cycles as well as possible

infiltration from groundwater. Chlorides measured at this site were around

3500 mg/~, which disqualified the site from consideration as a freshwater

source. Sampling was restricted to certain taxiways due to Federal Aviation

Administration regulations.

Dry-Season Monitoring

The airport is located in an ideal location for airport operations

because of low rainfall throughout the year (508 mm/yr [20 in./yr]). How-
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TABLE 3. SITE LOCATION OF HONOLULU INTERNATIONAL AIRPORT

Site Distance DescriptionNo. (m)

111 Terminal area, aircraft gate;
loading, maintenance

2 221 Taxiway, center; aircraft
traffic and groundcrew traffic

3 291 Taxiway prior to runway; heavy
air traffic

4 333 Taxiway ,prior to runway; heavy
air traffic

5 485 Tax iwaypr ior to runway; heavy
air traffic

6 596 Small aircraft taxiway; 1ight
air traffic

7 680 Small aircraft taxiway; 1ight
air traffic

8 957 Sma 11 aircraft taxiway, fire
station; 1ight air traffic

~OTE: 1.0 m - 3. 281 ft.

ever, this condition does not ideally lend itself to storm runoff monitor

ing. Particularly in the summer months when there are few storm generating

events, the alternate dry period monitoring program had to be initiated. The

technique used was called "runway flushing" which consisted of collecting

water samples off the runway after a thorough washing sequence. The area

under investigation was enclosed with a wooden frame lined with weather

stripping (1.0 m2 [10.8 ft 2 ]) held in place with four concrete blocks to

assure no leakage. Deionized water was continuously applied to the enclosed

area to a depth of approximately 1.0 cm (0.4 in.) while the wash-water was

being collected. At the same time, the enclosed area was hand scrubbed with

a brush to resuspend settled, lodged, and easily dislodged particles, as

well as to promote leaching in an effort to simulate actual rainfall condi

tions. A total of 0.019 m3 (5.0 gal) were collected by this method. The

water samples were collected with a 0.061 m3 (16 gal) wet-dry vacuum cleaner

(Penny Model No. SVP-018) powered by a 5-hp motor. The samples were immedi

ately transferred to clean containers for preservation.
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Samples were run to determine if the vacuum cleaner container would

contribute any contamination to the water samples. The water samples showed

no detectable concentration of metals. The sites chosen were at the same

points as in the analysis during the wet season.

This method differs from most methods of collecting street surface con

taminants, as the other techniques typically use dry sweeping to collect the

solids and dust components from the surfaces. Due to potential heavy metals,

as well as the high grease and oil levels on the surfaces, the typical dry

collection was not considered feasible.

POLLUTIONAL PARAMETERS
Results and Discussion

The water quality aspects of the airport storm runoff involves nonpoint

source waste loadings that are associated with not only the runoff itself,

but the accumulation of pollutants over the contributing airport runoff

surfaces. Potential pollutants, consisting of individual and/or sorbed con

taminants, accumulate on the catchment surfaces, and, theoretically, the

amount of accumulation is directly related to the antecedent dry period, if

other factors remain relatively stable. The contaminants include chemicals

being sorbed to sediment which is typically heterogeneous dust, oil, debris,

and degraded pavement. These surface contaminants may be picked up direct

ly and/or the sediments dislodged from the surface as a result of sufficient

rainfall (to create runoff) and an undefined portion of the chemical contam

inants may be absorbed by the runoff water. The airport asphaltic surface

will at first sorb some moisture, while a certain fraction will evaporate,

before a sufficient volume of rainfall will act as a driving force to remove

the contaminants from the surface. Studies in the past have shown weak

correlations between antecedent dry periods and contaminant levels (Bedient,

Lambert, and Springer 1980; U.S. EPA 1980).

The results of the ten wet-season monitoring samples are shown in

Table 4 and the dry-season monitoring data in TableS. As pointed out pre

viously, the water quality values of downstream monitoring stations (start

ing at No. 1 site) also include the water quality contaminates of the up

stream stations, since the samples were collected from the same drainage

path. The dry-season monitoring sites are on the paved surfaces adjacent to



TABLE 4. WATER QUALITY OF STORM RUNOFF, HONOLULU INTERNATIONAL AIRPORT, HAWAII I ......
N

PARAMETER

DRI NKI NG 1/22/81 2/11/81 2124/81 3/28/81 6/30/81 7/11/81. 7/24/81 . 7/24/81 8/04/81 8/30/81
WATER Slte*

STANDARDS 7 8 6 5 5 4 3 2 4 1
(Max. Limits) -----------------------------------------(mg/l)t----------------------------------------

MEDIAN

500
5

6.5-8.5
250

1..
~ 0.5
oe:
~ 0.3
8 0.05
~ 150

1.54
26.0
5.0
0.167
0.04
0.006
0.008

11
2.8
5.4

69
0.05
0.161
0.19
0.05

33

499
0.40

60
113

20
0.15

69
0.30
0.018

68

5.4

0.30

0.006
0.009
8

75

0.07
0.161
0.15
0.05

71

501
0.55

93
87

0.29

5.2

0.175
0.19

0.008
0.011

11

55

78

498
0.24

87
99

0.30

9
6.5
5.2

0.04
0.160
0.25
0.02

35

97

450
0.36

60
128

0.18

0.004

0.40
0.050

82

30

11

2.2

5.3
55
0.02

510
0.13

60
120

0.003

11

3.9
4.9

60
0.02

0.25
0.32

45

505
0.36

158
96
9
0.09

82
0.20
0.015

65

0.20

14

0.018
56

0.004
0.006
9
3.3
6.0

60
0.04

446
0.13

187
105

11

0.11
69

0.20

59

0.03
0.006
0.007

10
3.4
5.4

123
0.07

13

630
0.44

18
155

15
0.10

67
0.30

20

0.09
0.05

30

0.04
0.007
0.011

11
2.3
5.6

69

482
0.57

16
157
34
0.21

0.19
0.09

0.04
0.006

0.29
.0.016

13.5

13
2.5
5.6

80
0.05

515
0.55

39
130

24
0.18

0.19
0.01

0.019
14.3

3.3 4.8 4.1 1.8 0.5 . 0.5 0.15 0.15 14.9 1.27

26 25.5 26 26 25 24 24 26 25 26
5.0 5.0 5.0 4.5 5.1 4.9 5.0 4.7 5.0 4.4

0.155 --- 0.180· 0.222 0.167 0.160
0.03
0.005

0.04
0.008
0.006

12
3.0
5.9

95
0.05

457
0.64

27
103
23
0.22

4
0.001
0.05
0.05
0.002
1

'"a..

-
~

~

pH
Chloride
Copper
Surfactants
I ron
Manganese
Sulfate
Total Dissolved

Solids
Zinc
Suspended Solids
COD
BODs
BODs/COD
Hardness as Cae0 3

Total P
Orthophosphate P
Grease and 011

Rainfall (nm)
Temperature (OC)
Dissolved Oxygen
Phenol
Chromium
Lead
Mercury
Turbidity (NTU)
Nltrlte+Nltrate N

NOTE: LOin•• 25.4 nm.
*Refer to Figure 3 for location.
tExcept for pH and as noted otherwise.
lOOH (1977).
2U.S. EPA (1979).



TABLE 5. RESULTS OF DRY-SEASON WASHING SEQUENCE AT HONOLULU INTERNATIONAL AIRPORT, HAWAIII

6/29/81 7/07/81 7/24/81 7/24/81 8/31/81 8/31/81

PARAMETER Site* MEDIAN
3 4 3 1 5 8

------------------------------(mg/m2
)------------------------------

~ Phenol 2.9 2.1 3.4 4.2 3. 1 2.9 3.0
-ן

m 0.07 0.06 0.08E Lead 0.73 0.09 0.19 0.07

c: Nitrite + Nitrate N 63 732 39 122 --- 83 83

Chloride 1128 1123 --- --- --- --- 1126

Copper 8.3 4.0 3.5 3.9 3.8 3.4 3.8

Surfactants --- --- --- 3.0 2.4 3.3 3.0
-ן

m Iron 34.2 47.4 46.9 39. 1 32.7 39.1"'0 ---
c:
0 1.0 1.0 0.5 0.9 2.0 1.0o Manganese ---
Q)

II) Sulfate 312 845 571 659 1518 1660 752

Total Dissolved Solids 8373 5859 --- 5420 4834 5615 5615

Zinc 24.4 6.6 2.4 7.8 1.0 2.4 4.5

Suspended Soli ds 3520 2973 1133 1084 1567 1094 1350

COD 1973 1807 2261 ---- ---- 2466 2117

Hardness as CaCO 1260 ---- ---- ---- ---- ---- 1260

Total P --- 3.8 2.5 5.9 4.9 0.7 3.8

Orthophosphate P 3.9 2.8 0.9 --- --- --- 2.8

Grease & Oi 1 1055 1226 543 1831 1035 1030 1141

NOTE: 1.0 lb/ft 2 = 4.883 x 10 3 mg/m2
•

*Refer to Figure 2 for location.
.....
t.-l



14

the wet-season monitoring sites.

The general assumption is that the dry-season procedure of saturating

or washing the enclosed 1.0 m2 (10.764 ft 2 ) surface area and then collecting

the scrubbed water by a heavy-duty vacuum cleaner would remove a greater

quantity of the surface contaminants than the wet-season monitoring method

of just collecting the runoff. This would be especially true for sediment

type particles. The units of the dry-season monitoring (mg/m2) are notably

convenient inasmuch as a 1.0-mm (O.0039-in.) depth over a 1.0 m2 equals a

1.0-£ volume. This means, that if the wash water is considered devoid of

constituents, the concentration would be accordingly decreased for each

1.0 mm of water depth. Stated differently, the depth in mm divided into

the mg/m2 loading should theoretically result in a potential concentration

in mg/£. However, the lower the depth of wash water, the more invalid the

procedure becomes. The minimum critical depth necessary to approach the

maximum potential concentration is not known at this time and would probably

change with each given situation.

Observing the results of the wet-season monitoring (Table 4), the vol

ume of rainfall for the 10 events does not appear to have any apparent ef

fect on constituent concentration, with the possible exception of grease

and oil. The values for grease and oil did show a decreasing trend in con

centration as the storm runoff flowed from the No. 1 sample site near the

terminal building, to the No. 8 sample site. None of the other constituents

seemed to have any consistent trend along the storm water flow path (Nos. 1

through 3 sample sites).

As was the general situation for the wet-season monitoring (Table 4),

the results of the dry-season (washing sequence) monitoring (Table 5) did

not show any particular trend with respect to position along the drainage

path, with the exception of sulfate which appeared to generally increase

with distance downstream. In general, quantity of grease and oil seemed to

be lower for the downstream sites; however, the time of sampling appeared

to have a greater influence than the relative position along the drainage

path, as can be observed for sampling dates 24 July 1981 (Nos. 1 and 3

sites) and 31 August 1981 (Nos. 5 and 8 sites).

Constituents included in the Primary (DOH 1977) and the Secondary

(U.S. EPA 1979) Drinking Water Regulations and their maximum limits are

included in Table 4.
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The Primary Drinking Water Regulations were formulated to protect

public health and, as such, were mandated by the federal government through

each particular state's own laws. Although the Secondary Drinking Water

Regulations are for the protection of public welfare, the maximum limits

are only recommendations by the federal government and it is up to the indi

vidual states to adopt these regulations. The exceeding of these standards,

except for very high values, results mainly in an aesthetic problem. The

water may not look, taste, or smell desirable when these limits are exceeded.

In general, the secondary regulations are followed by most of the

drinking water supply entities, as if they were actually set by law. For

this project, significant constituent representatives from the Primary and

Secondary Drinking Water Regulations, as well as several other chemical

parameters (included in Tables 4, 5) were used to evaluate the quality of

the water and its potential use with and without treatment. In the wet

and dry-season monitoring, the relative number of individual constituent

samples are limited; thus, long-range temporal and spatial comparisons and

projections must be also limited.

Primary Drinking Water Constituents

Of the primary drinking water constituents that were monitored, phenol,

mercury, and turbidity exceeded the primary limits. The phenol concentra

tion, which is a reflection of petroleum products (fuel, grease, oil) ranged

from 0.155 to 0.222 mg/i, and thus were.more than two magnitudes above the

primary limit of 0.001 mg/i. The main reason for the low limit for phenol

is that chlorine (an oxidizing agent) is added to the water supply, usually

for disinfection purposes--an increase in undesirable taste results. Phenol

is also considered a toxic compound and, as such, can limit the number of

species of microorganisms that can exist in an activated sludge treatment

plant, if this type of treatment is considered for a treatment scheme.

Phenols at higher concentrations than those reported herein from refinery

effluents have been reported to have been safely discharged after treatment

(Martin 1974). Laboratory and/or pilot. plant studies would be required to

determine if the phenol concentration could be continuously treated to at

least the primary limit. Unfortunately, phenol samples were not performed

for the downstream sample sites in the wet-season monitoring. However,

during the dry-season monitoring (Table 5), the phenol load was higher at
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the No. 1 site than at No.8, with considerable fluctuations in between.

The mercury content of the runoff water ranged from 0.006 to 0.011 mg/~

which notably exceeded (by up to 5.5 times) the primary limit of 0.002 mg/~.

The concentration of mercury in the airport runoff may be a reflection of

deterioration of the asphaltic pavement, which contains mercury in its manu

facturing (Boyd and Sartor 1972).

The Primary Drinking Water Regulation limit of 1 NTU (nephelometric

turbidity unit) was unanimously exceeded by all samples which ranged from

8 to 13 NTU. The significant turbidity values would be expected considering

the amount of suspended solids present in the samples, which will be subse

quently discussed.

Chromium is used in the processing of asphaltic pavements (Boyd and

Sartor 1972), thus, together with degradation of pavements, aircraft mate

rials, support vehicles and machinery it is not surprising to find signifi

cant concentrations of chromium in the runoff water. However, the maximum

concentration of 0.04 mg/~ was still below the 0.05 mg/~ primary limit.

The levels of lead found in the runoff were nearly an order of magni

tude less than the primary limit of 0.05 mg/~. However, the possibility of

lead deserves serious attention inasmuch as lead has and still is to a cer

tain extent (older automobiles and trucks) receiving considerable use in

gasoline for internal combustion engines, even though a move has been made

to lead-free fuels during the last decade. The loading concentration of

lead during the dry-season monitoring (Table 5) was fairly uniform except

for one sample at the No. 3 site on 24 July 1981, which was an order of

magnitude higher than the other samples. The reason for this single higher

value could be all the way from a quirk at the particular sample site to

some type of error.

In a recent study conducted by the Pollution Investigation Branch of

the Hawaii State Department of Health (1980), the storm runoff from urban

streets had indicated respective averages of 1.1 and 0.633 mg/~ for freeway

and commercial areas, which greatly exceeded the primary limit of 0.05 mg/~.

The probable reason for the ~ow lead concentrations in the airport run

off is that aircraft fuel is a kerosene-based unleaded fuel. The airport

averages daily over 1000 planes, the larger ones of which use kerosene,

while only about 100 of the 300 ground-crew vehicles use leaded fuel. Thus,

significant lead concentrations in the airport runoff from fuel sources
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would not be expected.*

The nitrite and nitrate nitrogen levels for the eight samples in which

the analysis was conducted were below the 10-mg/i limit for nitrate nitro

gen with the highest being 6.5 mg/i. In the dry-season monitoring (Table 5),

one sample out of the five was approximately an order of magnitude higher

than the rest. As with the lead samples in the dry-season monitoring, no

particular explanation is advanced for the one high level sample. The main

reason for the nitrate limit is that high nitrates may cause methemoglobine

mia in infants under the age of 6 months (Gaudy and Gaudy 1980). This re

sults because the infants' enzyme system is capable of reducing nitrate to

nitrite which combines with hemoglobin, rather than with oxygen. The

disease is reported to be almost always fatal. Nitrite can also react with

amines to form carcinogenic nitrosamines (Gaudy and Gaudy 1980).

Secondary Drinking Water Constituents

The only three constituents of the secondary standards that were moni

tored in this study that exceeded the limits were pH, manganese, and total

dissolved solids. The pH values, ranging from 4.9 to 6.0, were slightly

lower than the secondary limit range of 6.5 to 8.5; however, this lower

value is probably a reflection of the rainfall which typically has pH values

around the 5 to 6 range.

Two of the six manganese values exceeded the 0.05 mg/i secondary limit

and all the iron concentrations were below the 0.3-mg/i limit. The manga

nese and iron limits were set because groundwater is usually devoid of dis

solved oxygen and, as such, can contain manganese, and iron in solution. When

the water is pumped and exposed to the air and thus oxidized, manganese and

iron form colloidal precipitates which impart respectively an undesirable

black and red color to the water. Precipitated manganese tends to build up

in pipes and then break loose and release large black globules. Humans ap

parently suffer no harmful effects from drinking waters containing iron and

manganese, and both can be easily removed through normal water treatment

(Sawyer and McCarty 1967). The manganese load during dry-season monitoring

(Table 5) was one of the lowest level constituents tested, ranging from

0.5 to 2.0 mg/m2 (1.024 x 10- 4 to 4.096 X 10- 4 lb/ft 2
). The dry weather

*R. Peru 1981: personal communication.
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loading for iron was fairly uniform.

The median for total dissolved solids was 499 mg/~, with a range from

446 to 630 mg/~. This compares to the secondary limit of 500 mg/~ which was

mainly established due to taste; however, many community waters exceed the

500-mg/~ limit. Four out of five of the total dissolved solids values in

the dry-season monitoring were at a relatively uniform loading, but one of

the No. 3 site values was approximately 50% higher. The chloride concentra

tion ranged from 55 to 123 mg/~, with a median value of 69 mg/~, which is

well within the 250 mg/~ that was established as a taste limit. The proxim

ity to the ocean is probably the major reason for the chloride concentration.

The remaining secondary constituents of the wet-season monitoring

(Table 4) were well within their respective suggested limits.

Other Sanitary Chemical Constituents

The remaining constituents in Tables 4 and 5 that are not included

under either the Primary or Secondary Drinking Water Regulations are ones

that are typically monitored to measure the strength of nonpoint pollution

sources, except for hardness, a parameter used almost exclusively for water

supplies.

The dissolved oxygen concentration of Table 4, ranging from 4.4 to

5.0 mg/~, was below the saturation limit. At the collected water sample

temperature range of 24 to 26°C the dissolved oxygen would theoretically be

8.22 to 8.53 mg/~ under standard conditions ·for fresh water. The slightly

depressed dissolved oxygen content (below saturation) is understandable and

expected because the oxygen demanding materials (COD and BODs) that were

measured in the sample and which will be subsequently discussed.

Hardness is important in that high hardness precipitates soap-and thus

requires a large amount of soap for washing. In addition, high hardness

can cause encrustation in hot water pipes and boilers. The hardness range

of Table 4 (67-82 mg/~) is usually considered ideal for personal bathing

because it is low enough to produce sudsing and yet not so low that it is

difficult to wash off the suds. Modern detergents have virtually eliminated

the disadvantages of hardness for dish and clothes washing.

Visual examination has indicated that the bulk of the materials found

on the surfaces consist of inert materials of various types which are com-
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ponents of the paving compounds. These materials are measured as suspended

solids, or as the newly designated nonfilterable solids (APHA, AWWA, WPCF

1980). The suspended solids values for the wet-season monitoring (Table 4)

ranged from 16 to 187 mg/i with a median value of 60 mg/i. Although a defi

nite trend was not observed, the suspended solids values for the downstream

sampling sites tended to be lower than the upper- and mid-range sites. No

particular pattern was observed for suspended solids in the dry-season moni

toring.

Both the chemical oxygen demand (COD) and the 5-day biochemical demand

(BODs) varied for each of the runoff generating events (Table 4) for the

wet-s~ason monitoring. The four dry-season analyses for COD (Table 5) did

not seem to show any discernible trend with the highest loading being ap

proximately 1/3 higher than the lowest. The dry-season flushing loads ap

peared to be substantially lower than the levels found in other studies in

volving the washing of street curbs (Boyd and Sartor 1972), when compared

on an area basis. However, this form of comparison may be misleading, in

asmuch as the area for calculating assumed a swept curb width of 0.15 m

(6 in.) for the length of curb swept (Boyd and Sartor 1972) compared to the

project's 1.0~m2 (10.76-ft2) area. Since the area next to the curb is

sloped from the street, a larger amount of loose debris and petroleum leak

age runoff would probably be deposited there than elsewhere over the street

area. Urban streets receive a wide variety of operation and maintenance.

Operations such as fueling and repairs conducted at the airport site

vary, but are closely monitored and properly maintained, thus reducing the

occurrence of surface contaminants. In all probability, the project's

method of washing an enclosed area and then vacuuming the washings would

remove a higher percentage of contaminants than leaching out th~ contami

nants from materials swept off the street or curb surface. For comparison

purposes, the range of COD values for the airport project was 0.55 to

0.73 kg/curb km (1.95 to 2.59 lb/curb mile)--based on 15 cm (6 in.) of

swept curb while the range of Boyd and Sartor (1972) was from 1.69 to

14.9 kg/curb km (6.0 to 52.9 lb/curbmile).

Although the BODs test was run on most of the samples, the results may

be questionable due to the low values with respect to the COD data, as can

be seen by the BODs/COD ratio of Table 4. The presence of heavy metals can
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seriously interfere with the BODs test. The levels in the runoff are not

high and therefore may not be solely responsible for these levels. Other

factors could be a more stabilized waste which is not biodegradable.

In view of these low results, an assumption is made that the interfer

ence is in the direction of producing artificially low values. If biologi

cal organisms are indeed inhibited, then the COD test would provide a better

estimate of the oxygen demanding potential of the storm runoff.

The orthophosphate phosphorus and total phosphorus median values for

the wet-season monitoring were relatively low, 0.018 and 0.30 mg/£ respec

tively, as shown in Table 4. In turn, the dry-season monitoring (Table 5)

also had low values with a maximum value of only 0.006 kg/m2 (1.21 x 10-3 lb/

ft 2 ) for total phosphate and 0.039 kg/m2 (7.99 x io- 3 lb/ft 2 ) for ortho

phosphate phosphorus.

Phosphates are generally contained in high concentrations in most de

tergents; however, the wash water (resulting when the aircrafts are washed)

is collected and discharged into evaporation ponds, rather than into the

airport's general storm drains.* Since only 7% of the drainage area at the

airport is landscaped, surface runoff should not contain significant amounts

of fertilizer which could contribute to the phosphorus and nitrogen loads.

As mentioned previously and as can be observed in Table 4, the concen

tration of grease and oil was considerably higher near the terminal building

than at the downstream sampling sites during the wet-season monitoring. The

No. 2 sample site had the highest reading with 97 mg/£,while the No. 8 site

was the lowest with a concentration of 13.5 mg/£. The dry-season monitoring

(Table 5) resulted in a high loading of 1.83 kg/m2 (0.375 lb/ft 2 ) at the

No. 1 sample site with a low of 1.03 kg/m2 (0.211 lb/ft 2 ) at the No.8 sam

ple site.

The aircrafts are fueled and maintained at the terminal areas; thus, it

is expected that grease and oil would be found on the paved surfaces as a

result of leaks and spills during refueling operations. In addition, the

majority of the ground-crew vehicles are also present at the terminal areas,

which would contribute to the grease and oil loads.

In order to further analyze the apparent relationship of sample site

position, grease and oil concentration, rainfall volume, and the antecedent

*R. Peru 1981: personal communication.
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O.8r--------------------,

WATER QUALITY TREATMENT
ALTERNATIVES

dry period, a simple regression

analysis was conducted. The

sample site positions were

translated into the drainage

area and the distance between

the sites, with the No. 1 sample

site as the starting point.

Rainfall data were obtained from

the National Oceanic and Atmos

pheric Administration weather

gathering station at the airport.

The products of the rainfall

volumes and antecedent dry pe

riod vs. grease and oil concen

trations are shown in Figure 3,

while the airport drainage area

parameter (distance between sam

ple sites/drainage area) vs.

grease and oil concentrations

are presented in Figure 4. Al

though the quantity of data is

limited, the results shown in

Figures 3 and 4 add credence

to the initial observation that

higher grease and oil concentra

tions prevail near the terminal

areas with the concentration de

creasing at a somewhat linear

rate towards the downstream sam

pling sites.

GREASE AND OIL (",,11)

GREASE AND OIL ("'911)

•

•

Figure 3. Relationship between pro
duct of rainfall volume
(Rv) and antecedent dry
period (Ao) vs. grease
and oil concentration
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sis dictate the removal of turbidity, phenol, total dissolved solids, manga

nese, and mercury, and a pH adjustment in order for the runoff water to meet

the Primary and Secondary Drinking Water Regulations (DOH 1977; U.S. EPA

1979). The treatment train proposed, which consists of physical and chemi

cal treatment processes, should reduce the concentrations of these param

eters and thus meet both regulations.

The water should be routed to a central facility which can handle the

intermittent nature of the runoff source. The proposed flow diagram of the

treatment is depicted in Figure 5. The water would enter a grit chamber

unit for the removal of coarse solids from the influent stream. The efflu

ent from this unit would then enter an equalization basin where the water

would be stored for a certain period of time to promote settling as well as

enhancing stabilization of the waste loads. The stabilization should re

duce the chance of upset from possible varying phenol and mercury levels to

GRIT CHAMBER EQUALIZATION

'~ -I F-
SLUDGE SETTLING

TANK

CHEMICAL ADDITION

COAGULATION

FILTRATION

ACTIVATED CARBON
CHLORINATION

EFFLUENT

CARBON REGENERATION

Figure 5. Flow diagram of proposed treatment for storm runoff
from Honolulu International Airport, Hawai1i
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the subsequent units~ The storage of water in th:i,s unit should counter

balance the effect of the intennittent nature of this water source (Clark~

Viessman, and Hammer 1977}.

Flocculation and coagulation is the next step in the treatment train,

This operation involYes agitation of the fluid which ;induces particle coag

ulation. Suspended solids would be reduced and thus lower the turbidity

levels in the water (Clark, Viessman, and Hammer 19J71, A coagulant aid,

such as alum, may be required to promote particle agglomeration. Flocculant

material would then be removed in a sedimentation tank. Filtration is re

quired for the removal of nonsettleable floes and impurities remaining after

coagulation and sedimentation. Rapid sand filtration, in particular, re~

moves solids by passing the water through a porous media and serves as an

intennediate step before further treatment.

The following treatment unit is activated carbon adsorption. This unit

removes organic materials which include toxic compounds from the water, A

benefit of this process is the safe disposal of the compounds when the ex

hausted carbon is thermally regenerated for recycle.

Carbon regeneration for reuse helps to make this unit process economi

cally feasible. Restoration is accomplished by heating in multiple hearth

furnaces with low oxygen stream atmosphere. Adsorbed organics are volatil

ized and released in gaseous form at temperatures of 927°C (1700 Q F). Ther

mal regeneration involves the-pyrolysis of adsorbates and activation of the

residue. Scrubbers are required to minimize air pollution. Chlorination is

the final step to insure disinfection.

The proposed treatment is capable of reducing the levels of contami

nants to meet the Primary and Secondary Drinking Water Regulations. The

cost analysis included in Table 6 is based on a payback period of 20 years

at 12% interest (Thuesen, Fabrycky, and Thuesen 1977). This treatment,

based on an average annual flow of 3.41 x 106 m3 (900 mil gal), results in

an estimated cost to the customer of 84¢/1000 £ ($3.16/100 gal) (Table 6)

which is, unfortunately, nearly four times the present cost of municipal

water to the airport. Thus, the treatment of storm runoff from the Honolulu

International Airport for a potable water supply does not seem presently

economically feasible. Several potential schemes could be advanced to treat

the storm runoff to potable quality. However, any means of potential treat

ment of this type would require laboratory and/or pilot plant testing to
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TABLE 6. ANNUAL COST ESTIMATES FOR TREATMENT OF STORM RUNOFF FROM
HONOLULU INTERNATIONAL AIRPORT TO POTABLE QUALITY

Capital Costs

Unit Processes* ••••.•.•••••••.•••••••.••••..••.•• $1,200,000.00

Equalization Basin ••••..••••••••••••••••..• ~..... 300,000.00

$1,500,000.00

Noncomponent Costs

Piping .

E1ec t rica 1•••••••••••••••••••••••••••••••••••••••

Ins t rumen ta t ion .....•...••.•.•...............••.•

Site Preparation .•....•••......•.............•...

Nonconstruction Costs

Engineering and Supervision ••••...•••.•••••••....

Cont i ngenei es .•...........................••...••

$150,000.00

120,000.00

75,000.00

75,000.00

$420',000.00

$225,000.00

225,000.00

$450,000.00

Total Capital Cost ••.•••••••.•••••••.••.••••.•.••••• $2,370,000.00

Total Operation and Maintenance •........•••....••..•

Amortized Cost of Capita1. ••••.•.•...•••••...•....••

Cost/loaD liters .

$830,000.00

$332,000.00

$0.84

Cost/l000 gallons................................... $3.16

NOTE: Based on flow of 3.407 x 10 6 m3 (900 mil gal).
*Include coagulation, filtration, activated carbon, chlorination,

and carbon regeneration.

ascertain the actual degree of feasible treatment.

Another potential use of this water would be irrigation usage. Sugar

cane, grassland as in golf courses, and public parks are presently high

volume users of sewage effluent (Lau et al. 1980). A desirable water source

for irrigation is characterized by low concentrations of TDS, boron, sodium,

suspended solids, and grease. When used for irrigation, groundwater quality

must also be protected, such as low levels of chlorides and TDS. In sugar

cane irrigation where sewage effluent is used, fertilizers are also added to

supplement nutrient requirements in the water sources. The addition of fer

tilizers also contributes leachable salts to the percolating water in the
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subsurface. Toxic chemicals, heavy metals, and phenols should not be pres

ent in large concentrations to prevent adverse toxicologic effects. Phenol

concentrations of 40 to 50 mg/~ have been used in Germany for irrigation

without damage to the crops (McKee and Wolf 1963). Grease and oil concen

trations may require removal because of their interference with the avail

able soil moisture and permeability which can upset plant growth. Concen

trations of 300 mg/~ have been used in irrigation which resulted in weed

kills without harmful effects to crops from dilution and volatilization

(McKee and Wolf 1963). Soil permeability studies must be performed to in

sure groundwater quality protection and to prevent any adverse effects to

the subsurface.

Plants, such as sugarcane, may not utilize all the nitrogen and thus

allow it to escape to the root zone which can add nitrate to the underlying

groundwater sources. This fact was demonstrated in a study by the Univer

sity of Hawaii Water Resources Research Center (Lau et al. 1980). As men

tioned previously, nitrogen in its nitrate form in concentrations exceeding

the Drinking Water Regulations of 10 mg/~ is undesirable for infant health

reasons (methemoglobinemia) (Gaudy and Gaudy 1980). Nitrogen should be

monitored, as should sodium. Sodium in the soil water can be exchanged by

calcium in the soil which will reduce soil permeability (Wilbur and Hunter

1979). Suspended solids and grease can adversely affect the infiltration

rate of soils and should be monitored (McKee and Wolf 1963).

It appears that the only facility required for runoff to be used as

irrigation water would be an equalization basin. Testing would have to be

performed to determine whether the concentration of phenol and grease could

be tolerated by the crop. Therefore, the minimum cost would be due to the

installation and operation of an equalization basin. This cost is estimated

to be 10¢/100 ~ (37¢/1000 gal) (Thuesen, Fabrycky, and Thuesen 1977), as

shown in Table 7, which is less than one-half of the present cost of munici

pal water to the airport. Grease and oil and phenol removal, if required,

would result in treatment costs.

SUMMARY AND CONCLUSION

The research project herein reported characterized the quality of the

natural and induced storm runoff from the Honolulu International Airport by
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TABLE 7. COST ESTIMATES FOR CONSTRUCTING AND OPERATING
AN EQUALIZATION BASIN TO RECEIVE STORM RUNOFF
FOR SUBPOTABLE WATER SUPPLY

Capi tal Costs

Un i t Proces 5 es •••.•.•••.••• •.•••••••••.•

Noncomponent Costs

Piping ........................•........

Electrical .

Instrumentati on •••••...•.•••••••••...••

Site Preparation••.•......•.•..••..•.•.

Nonconstruction Costs

Eng ineer i ng and Superv is ion •.•••.••..•.

Contingencies .••...•.•..•. ~ .•••••...•..

$300,000.00

$300,000.00

$30,000.00

24,000.00

6,000.00

6,000.00

$66,000.00

$45,000.00

45,000.00

$90,000.00

Total Capital Cost •.•••..••.•••••••.•..... $456,000.00

Total Operation and Maintenance •..•.•.•••.

Amortized Cost of Capital ••.••••••.•••••..

Cost/1000 liters •••..•.••••••••••••••.•.•.

$20,000.00

$66,211.00

$0.10

Cost/1000 gallons......................... $0.37

NOTE: Based on a flow of 3.407 x 10 6 m3 (900 mil gal).

incorporating two different monitoring shcemes for the wet season and the

dry season. The 11.33 x l06_m2 (2800-acre) airport is located in the Pearl

Harbor Groundwater Basin, which has recently reached the point of safe

yield. The wet-season monitoring scheme consisted of collecting stormwater

samples during and following rainfall events at established sites along the

airport's existing drainage system, starting with the upstream site at the

Terminal Building, where the aircrafts are serviced and fueled. The dry

season monitoring schemes consisted of enclosing a 1.O-m2 (lO.8-ft 2
) area

on the paved area section near selected wet-season sites, applying deionized

water in the enclosed area to wash out the leachable contaminants, and then

collecting the water, leached chemicals and sediments by using a heavy-duty
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vacuum cleaner.

The separate wet- and dry-season monitoring schemes were employed be

cause the airport is situated in a typically low annual rainfall area

(approximately 508 mm [20 in.]) for Hawai'i. Consequently, a generally much

longer time occurs between surface washings, which in turn results in a

greater accumulation of contaminants and, undoubtably, a higher contaminant

load per flushing. The low loading is coupled with a daily air traffic

volume of approximately 1000 planes.

A total of 10 wet-season samples were collected at 8 sample sites, and

6 dry-season washing samples were obtained adjacent to 5 wet-season sampling

sites. As a guideline for water quality evaluation, analysis following

those specified in the Primary and Secondary Drinking Water Regulations were

selected in addition to some analytical parameters used in nonpoint pollu

tion monitoring. Inasmuch as the wet-season sampling sites were situated

along an existing drainage path starting near the terminal building, the

water quality contaminates of upstream stations are also included in the

samples from the downstream sites.

From the results of the wet-season monitoring, the volume of rainfall

for the 10 events did not appear to have any apparent affect on constituent

concentration, with the exception of grease and oil. In general, the dry

season monitoring results did not show any particular trend with respect to

position along the drainage path. The time of sampling did, however, ap

pear to have an influence on the dry-season monitoring results. The grease

and oil results (a nonpoint and/or waste water parameter, rather than a

potable water parameter) did show a general decreasing trend in concentra

tion along the drainage path, starting at the Terminal Building. A simple

regression analysis relating the concentration of grease and oil, distance

between sample sites, drainage area of each sample site, rainfall volume,

and antecedent dry periods was conducted. Although the quantity of data are

limited, there appeared to be notable relationships between the parameters,

thus showing that the grease and oil loads are higher at. the upstream sam

pling sites where the aircrafts, are fueled and serviced.

The constituents which exceeded the Primary Drinking Water Regulation

standards were phenol, mercury, and turbidity, while pH, manganese, and

total dissolved solids at times exceeded the secondary regulations. The

secondary constituents could be easily treated to levels below the recom-
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mended limit by typical surface water treatment processes. However, the

primary constituents that exceeded the limit require highly technical treat

ment processes because of their magnitude. The median phenol value was

0.167 mg/~, compared to the maximum allowable limit of 0.001 mg/~. Phenol

is a reflection of the high grease and oil concentration, which produced a

high value of 97 mg/~ and a 68-mg/~ median. Mercury had a high value of

5.5 times the maximum limit, while turbidity exceeded the 1.0 NTU limit with

a Il-NTU median and a 13-NTU high. Turbidity is a reflection of the signif

icant suspended solids values, which had a median concentration of 60 mg/~

and a high of 187 mg/~.

A treatment scheme, involving high technology processes, was formulated

to treat the airport storm runoff to potable levels.. However, the cost of

such a system to treat the projected 3.41 x 106 m2 (900 mgd) of airport run

off to potable quality was estimated to be $0.84/1000 ~ ($3.16/1000 gal)

which is nearly four times the present cost of municipal water to the air

port. In addition, any projected treatment scheme would have to be tested

under laboratory and/or pilot plant conditions to ensure that the desired

treatment goals can be consistently met. It appears that with the incorpo

ration of an equalization pond, storm runoff can be safely used with possi

bly minor treatment for subpotable uses, such as for irrigation and wash

down. The cost of an equalization basin is projected to be less than one

half the present cost of municipal water to the airport. The use of a high

percentage of the reclaimed runoff water would help relieve the draft on

the highly exploited Pearl Harbor Groundwater Basin, in which the airport is

situated.

From the foregoing, it is apparent that the combined relatively low

annual rainfall (approximately 508 mm [20 in.]) at the Honolulu Inter

national Airport and an average daily air traffic volume of over 1000 planes

produces a contaminant load that is too high to consider the storm runoff

for potable uses. However, it does appear practical to consider using the

water for subpotable uses if an equalization basin is installed. The qual

ity of the water can be enhanced if drainage from the Terminal Building were

eliminated--an approximate amount of only 10% of the airport's paved sur

faces.

Consideration should be seriously given to exploring the quality of

storm runoff from airports that receive a greater quantity of annual rain-
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fall and/or a much less volume of aircraft, of which the latte~ appears the

most critical. Logical choices for airports to be evaluated would be the

major air fields located on the islands of Kaua'i, Maui, and Haw'a;i.'i.
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