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Conversion Factors, Datums, Abbreviations and Acronyms

Conversion Factors

Multiply By To obtain

inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
inch per year (in/yr) 2.54 centimeter per year (cm/yr)
pounds per acre (lb/acre)  1.121 kilograms per hectare (kg/ha)

 
Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

					     °F=(1.8×°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

					     °C=(°F-32)/1.8

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 
25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) 
or micrograms per liter (µg/L).

Datums

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 
(NGVD 29).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.

Abbreviations and Acronyms

Abbreviations and Acronyms Meaning

LIDAR Light Detection and Ranging
MCL maximum contaminant level
NAWSI Naval Air Station Whidbey Island
NWQL National Water Quality Laboratory
TOC total organic carbon
USEPA U.S. Environmental Protection Agency
USGS U.S. Geological Survey



Abstract
The potential for contamination of ground water 

from remnant sewage sludge in re-graded sediments of 
a deconstructed sewage-treatment lagoon was evaluated. 
Ground-water levels were measured in temporary drive-
point wells, and ground-water samples were collected and 
analyzed for nutrients and other water-quality characteristics. 
Composite soil and sediment samples were collected and 
analyzed for organic carbon and nitrogen species. Multiple 
lines of evidence, including lack of appreciable organic matter 
in sediments of the former lagoon, agronomic analysis of 
nitrogen, the sequestration of nitrogen in the developing soils 
at the former lagoon, and likely occurrence of peat deposits 
within the aquifer material, suggest that the potential for 
substantial additions of nitrogen to ground water beneath the 
former sewage lagoon resulting from remnant sewage sludge 
not removed from the former lagoon are small.

Concentrations of nitrogen species measured in 
ground-water samples were small and did not exceed 
the established U.S. Environmental Protection Agency’s 
maximum contaminant levels for nitrate (10 milligrams per 
liter). Concentrations of nitrate in ground-water samples were 
less than the laboratory reporting limit of 0.06 milligram 
per liter. Seventy to 90 percent of the total nitrogen present 
in ground water was in the ammonia form with a maximum 
concentration of 7.67 milligrams per liter. Concentrations 
of total nitrogen in ground water beneath the site, which is 
the sum of all forms of nitrogen including nitrate, nitrite, 
ammonia, and organic nitrogen, ranged from 1.15 to 8.44 
milligrams per liter. Thus, even if all forms of nitrogen 
measured in ground water were converted to nitrate, the 
combined mass would be less than the maximum contaminant 
level. Oxidation-reduction conditions in ground water beneath 
the former sewage lagoon were reducing. Given the abundant 
supply of ambient organic carbon in the subsurface and in 
ground water at the former lagoon, any nitrate that may leach 
from residual sludge and be transported to ground water with 
recharge is expected to be quickly denitrified or transformed to 
nitrite and ammonia under the strongly reducing geochemical 
conditions that are present.

Concentrations of organic carbon, the primary constituent 
of sewage sludge, in sediments of the former sewage lagoon 
were less than 1 percent, indicating a near absence of organic 
matter. The amount of total nitrogen present in the sediments 
at the former sewage lagoon was only about 25 percent of the 
amount typically present in developed agricultural soils. The 
lack of substantial carbon and nitrogen in sediments of the 
former sewage lagoon indicates that surficial sediments of 
the former lagoon are essentially devoid of residual sewage 
sludge. The largest concentration of total nitrogen measured in 
soil samples from the former sewage lagoon (330 milligrams 
per kilogram) was used to calculate an estimate of the amount 
of nitrogen that might be leached from residual sewage 
sludge by recharge. During the first two years following 
deconstruction of the former sewage lagoon, the concentration 
of total nitrogen in recharge leachate might exceed 
10 milligrams per liter but the recharge leachate would not 
likely result in substantial increases in the nitrate concentration 
in ground water to concentrations greater than the drinking-
water maximum contaminant level of 10 milligrams per liter.

Introduction
Between April 2004 and September 2005, the unused 

sewage-treatment lagoon at Naval Air Station Whidbey Island 
(NASWI), Island County, Washington, was deconstructed and 
the site re-graded to conditions matching the surrounding area. 
Sewage sludge is composed primarily of partially decomposed 
organic matter and can be a source of contaminants such as 
nitrogen as further decay releases nitrogen bound in organic 
forms. An evaluation of the potential for contamination of 
ground water from any residual sewage sludge not removed 
during the deconstruction and remaining in the re-graded 
sediments needs to be completed as part of the closure process 
for the former sewage lagoon.

The sewage treatment lagoon was constructed in 1972 
between the beach frontage road along the Strait of Juan 
de Fuca and the aircraft taxiway of Ault Field (fig. 1). Four 
aerators were located near the southern end of the lagoon. 
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Figure 1.  Location of the former sewage lagoon, Naval Air Station Whidbey Island, Island County, Washington.
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The 17-acre lagoon measured about 1,500 × 500 ft and was 
constructed above grade using rip-rap faced earthen berms 
to a height of 6 ft. The bottom of the lagoon was lined with a 
synthetic liner covered with 6–24 in. of native fill, consisting 
mostly of sand. The lagoon was an integral part of NASWI’s 
wastewater-treatment facility until a more modern type of 
sewage-treatment plant utilizing a sequencing-batch reactor 
was built in 1998.

Although the lagoon was unused after 1998, it remained 
filled with water and the thickness of sludge at the bottom 
of the lagoon ranged from 6 to 33 in. until the following 
deconstruction steps began in April 2004:

The lagoon was drained from about 6 ft of water to 
about 3 ft.

A floating dredge removed sludge from the lagoon 
bottom, and the sludge was dewatered using mobile 
centrifuges and trucked to a landfill for disposal.

Remaining water was drained from the lagoon.

Residual lagoon sludge was allowed to air dry, and was 
removed along with the top 2 in. of sand.

Synthetic liner was removed, berms were broken down, 
and the former lagoon was graded to promote drainage.

Site was hydro-seeded with native grass seed 
(completed October 2005).

Initial measurements of total Kjehdahl nitrogen 
concentrations ranged from 177 to 8,700 mg/kg in soil 
samples collected from the re-graded sediments in the former 
sewage lagoon in August 2005. The median concentration 
for the 15 individual soil samples was 283 mg/kg (Matt 
Jabloner, Naval Engineering Facilities Command Northwest, 
written commun., January 4, 2006). Ancillary data such as 
location of sample-collection sites, sampling depth, and wet-
weight or dry-weight were not reported with this data. Large 
concentrations, greater than 1,000 mg/kg, measured in 2 of 
the 15 soil samples prompted concerns regarding potential for 
contamination of ground water from residual sewage sludge 
remaining at the former lagoon.

The U.S. Environmental Protection Agency (USEPA), 
which has regulatory oversight at this installation, considers 
the former lagoon site to fall under the classification of a 
biosolids land-application site wherein the surficial material 
is considered equivalent to applied biosolids. A site-specific 
evaluation of the potential release and transport of nutrients 
and possible contamination of ground water is important for 
final regulatory closure of this site.

•

•

•

•

•

•

Purpose and Scope

This report describes the characterization of nitrogen 
concentrations in near-surface soils and shallow ground water 
at the former sewage lagoon at Naval Air Station Whidbey 
Island, Washington, and presents an evaluation of the potential 
for contamination of ground water from nitrogen released 
from residual sewage sludge. The U.S. Geological Survey 
(USGS) installed nine temporary direct-push wells to collect 
water-level data and ground-water samples for analyses of 
nutrient concentrations and other water-quality characteristics. 
The U.S. Navy collected composite soil samples for analyses 
of organic carbon and nitrogen species during June 2006.

Description of Study Area

Naval Air Station Whidbey Island (NASWI), is located 
on Whidbey Island in Island County, Washington, at the north 
end of the Puget Sound and on the eastern extent of the Strait 
of Juan de Fuca. (fig. 1). The NASWI lies in a low-gradient 
valley along the western shore of Whidbey Island. The altitude 
of land surface over most of the runway area that comprises 
the air station ranges from 20 to 40 ft above sea level.

Whidbey Island has a temperate marine climate 
characterized by warm, dry summers and cool, wet winters. 
Mean annual temperature is about 50°F. January is the coolest 
month and August the warmest. Mean annual precipitation 
is about 19 in/yr in the area of the NASWI. Ground-water 
recharge on Whidbey Island has been estimated to be 11.8 in/
yr (Vaccaro and others, 1998). There are no perennial streams 
draining the study area and most surface-water runoff drains 
to wetlands near the runways at Ault Field. Wetland areas 
are depicted near the upgradient runway areas on 7 ½-minute 
topographic maps of the area. Surface indications of two 
buried stormwater drainage lines crossing from the taxi-way to 
the beach area were observed.

The hydrogeologic framework of Whidbey Island and 
NASWI is predominantly composed of Pleistocene age glacial 
drift deposits. At land surface, these deposits typically include 
tills consisting of a dense-compact mixture of silts, clay, 
sands, gravels; fluvial outwash deposits consisting of variously 
sorted deposits of coarse-grained sands, silts, and gravels; 
and interglacial deposits of silts and clay. Near Ault Field, 
the surficial sediments are composed of clay, silt, and silty 
fine sand (URS Team, 1993). Depth to ground water beneath 
the former sewage lagoon is approximately 12 ft, and the 
general direction of ground-water flow typically is towards the 
coastline of Puget Sound (Sapik and others, 1988).

Introduction    �



Peat and peat-soils, while not common on Whidbey 
Island, are present in low-lying coastal areas including the 
vicinity of the former sewage lagoon. Soils in the vicinity of 
the former sewage lagoon were mapped as Rifle or Tanawax 
peat soils (Ness and Richins, 1958). The largest peat deposit 
on the Island is near Cranberry Lake located 1.25 mi north of 
Ault Field (Riggs, 1958).

The former rectangular shaped sewage lagoon was 
located between the Ault Field taxiway and the adjacent 
shoreline road along the Strait of Juan de Fuca. The altitude 
of land surface upgradient of the former sewage lagoon ranges 
from 20 to 25 ft. The altitude of land surface immediately 
downgradient of the former sewage lagoon typically is about 
15 ft. There is about 200 ft of irregular surface between the 
roadway and beach area. Concrete rip-rap has been placed 
over portions of the upper beach area.

Sample and Data Collection and 
Analysis

 Water-level measurements and water-sample collection, 
processing, and field analysis were performed in accordance 
with applicable USGS procedures (U.S. Geological Survey, 
1997–2006). Soil samples were collected by the U.S. Navy 
in June 2006 and analyzed to determine the dry-weight 
concentration of organic carbon and nitrogen species. Soil 
samples were collected using non-contaminating materials, 
and surficial plant litter material was removed from the 
samples. Additional details concerning soil sampling 
are available from the U.S. Navy (Matt Jabloner, written 
commun., September 8, 2006).

Nine temporary drive-point wells (fig. 2) were installed 
at the study site to measure ground-water levels and collect 
water-quality samples in June–August 2006. Wells were 
located along three transects that were approximately 
perpendicular to the anticipated direction of ground-water 
flow toward the beach. Four wells were installed along the 
approximate center line of the former lagoon, three wells 
were installed upgradient of the lagoon, and two wells were 
installed downgradient of the lagoon. Buried rip-rap did not 
allow installation of additional downgradient wells near the 
beach area.

The drive-point wells were constructed using Schedule 
80 0.5 in black-iron pipe. The lower ends of the pipe were 
crimped closed and a series of 20 to 25 1/8th in. diameter 

holes were drilled to allow ground water entry into the pipe. 
The pipes were manually driven into the ground to the depth 
just below the water table using a slide hammer. Wells were 
developed using a surge block and peristaltic pump. After a 
drive-point well was driven into position, the casing was filled 
with clean water and a surge-block was used to move water 
through the well perforations. A peristaltic pump was then 
used to extract more than 10 times the volume of water placed 
in the well during the surge-block development process.

Depth to ground water below a measuring point at the 
top of the exposed casing was measured in the wells using a 
steel tape. The relative altitude of water-level measuring points 
for each well were determined using a Surveyors level and a 
reference altitude obtained from Light Detection and Ranging 
(LiDAR) imaging of land-surface altitude at well LSD2. The 
LiDAR data were obtained in August 2001 and shows the 
general outline of the former sewage lagoon area. Figure 2 
shows the LiDAR image of the former sewage lagoon and 
the locations of the drive-point wells and soil and sediment 
sampling sites. The surveying closure error, taken as the 
difference in altitude of the starting reference point following 
seven changes of instrument location, was 0.03 ft.

After measuring depth to water, ground-water samples 
were collected with a low-flow peristaltic pump and single-
use polyethylene tubing. Samples were collected after 
approximately three casing-volumes of water were purged 
from the wells and after allowing specific conductance and 
dissolved oxygen (DO) to stabilize to within 5 percent, and 
0.3 mg/L, respectively. The geochemical measurements and 
concentrations analyzed for water samples collected from 
wells included nutrients (filtered total nitrogen, filtered nitrite 
plus nitrate, filtered nitrite, filtered orthophosphate), organic 
carbon, filtered concentrations of chloride, ferrous iron (II), 
and carbon dioxide. A 0.45 µm membrane filter was used to 
prepare filtered samples. Specific conductance was measured 
using a sensor that was checked with a standard reference 
solution. Dissolved-oxygen concentrations were measured 
using a 0–1 mg/L CHEMets Rhodazine-DTM colorimeteric 
ampoules (manufactured by CHEMetrics, Inc., Calverton, 
Va.). The ampoules were filled directly from the sampling 
tube after well purging was complete. Ferrous iron (II) 
concentrations were measured in the field using a colorimetric 
1,10 phenanthroline indicator method and Hach Model 2010 
spectrophotometer according to Hach analytical number 
8146 (Hach Company, 1998). Dissolved carbon dioxide 
concentrations were measured in the field using Titret-Sodium 
hydroxide titrant with a pH indicator (manufactured by 
CHEMetrics, Inc., Calverton, Va.).

�    Nitrogen Species at a Former Lagoon: Naval Air Station Whidbey Island, Island County, Washington



Figure 2.  Location of drive-point wells, soil and sediment sampling sites, and water-level altitudes 
measured August 10, 2006 at the former sewage lagoon, Naval Air Station Whidbey Island, Washington.
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Samples collected for analysis of nutrients and chloride 
concentrations were filtered through a 0.45-µm membrane 
filter into polyethylene bottles, chilled, and sent to the USGS 
National Water Quality Laboratory (NWQL) in Lakewood, 
Colo. Chloride concentrations were analyzed using ion 
chromatography as described by Fishman and Friedman 
(1989). Nutrient concentrations were analyzed following 
procedures described by Fishman (1993) using colorimetric 
techniques with cadmium reduction and diazotization as 
appropriate. Concentrations of total nitrogen were determined 
colorimetrically using alkaline-persulfate digestion as 
described by Patton and Kryskalla (2003). Samples for total 
organic carbon analysis were collected in an amber glass 
bottle, chilled to less than 4°C and sent to the NWQL. Organic 
carbon concentrations were determined using high temperature 
combustion according to Standard Method 5310B as described 
by Franson (1992).

Soil samples were collected from four areas in the former 
lagoon (LSC1, LSC2, LSC3, and LSC4; fig. 2). In each 
sampling area, soil samples were collected from three depth 
intervals to determine the vertical extent of residual sewage 
sludge that might be present and potentially a source of nitrate 
contamination of ground water. The three depth intervals 
were 0–6, 7–18, and 19–30 in. Based on the size of the berms 
surrounding the former sewage lagoon, the re-graded sediment 
material was not expected to provide more than 6 in. of 
additional mineral material to the land surface. The re-graded 
sediment would likely be thinnest along the central north-
south axis of the former sewage lagoon.

Composite sampling is used to evaluate soil nutrient 
concentrations (Mahler and Tindall, 1994; Jacobson, 1999) 
because of the large degree of spatial variability that is present 
in soil nutrient concentrations (Stark 1994; Cain and others, 
1999). For each of the three sampling depth intervals, a 
composite sample was collected by combining soil material 
obtained from five individual subsample cores. Subsamples 
were collected for compositing soil from five randomly 
selected locations within a 50-ft diameter area of the center 
mark. A total of 12 composite samples were analyzed from the 
former sewage lagoon area.

For comparison to nitrogen concentrations in soil samples 
from the adjacent upgradient area of the former sewage 
lagoon, an additional set of composite samples were collected 
from the same three depth intervals. The upgradient composite 
sample consisted of soils collected from single subsample 
cores collected at soil sampling sites LSU1, LSU3, and LSU5 
(fig. 2).

Quality assurance and control included field and 
laboratory procedures. Analyzing laboratories follow standard 
laboratory and quality-assurance procedures and participate 
in National proficiency testing programs. An inorganic blind 
sample monitoring program also is used at the USGS National 
Water Quality Laboratory to provide ongoing monitoring 
of laboratory generated water-quality data. Quality-control 
samples including a field blank and a field sample replicate 
also were submitted. Results from the field quality-assurance 
samples are shown in table 1. No substantial quality issues 
were identified in the results of those samples.

Ground-Water Levels
Water levels were measured in eight of nine drive-point 

wells installed in the former sewage lagoon and the immediate 
adjacent area (table 2 and fig. 2). The water level in well LSU2 
did not rapidly equilibrate with the aquifer after repeated 
surging. During installation of this drive-point well, silty 
material was observed 18 in. below grade. Either the screen 
was clogged or the well screen was positioned in silt-clay 
material, thus ground-water level measurements from this well 
would not be useful.

Water-level data shown in figure 2 and table 1 were 
measured on the afternoon of August 10, 2006, during low 
tide. Water levels were measured to coincide with low tide 
conditions to minimize any influence that tidal oscillation 
might have on the water-level measurements. The predicted 
low tide elevation for August 10 at Port Townsend was 
-2.2 ft at 11:47 a.m. (National Oceanic and Atmospheric 
Administration, 2006). Ground-water levels beneath the site 
of the former sewage lagoon were between the upgradient 
and downgradient locations. Water levels were highest along 
the upgradient eastern side of the former sewage lagoon and 
lowest on the western side nearest the shoreline of Puget 
Sound confirming that the direction of ground-water flow 
is toward the Puget Sound. Ground-water seepage from the 
former sewage lagoon can be expected to flow toward and 
discharge to Puget Sound (fig. 2).
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Table 1.  Construction and water-level data for drive-point wells installed at the former sewage lagoon, Naval Air Station Whidbey 
Island, Washington, June and August 2006.

[Latitude and longitude coordinate information is referenced to the North American Vertical Datum of 1983 (NAD 83).  Altitude is referenced to National 
Geodetic Vertical Datum of 1929 (NGVD 29). Symbol:, –, water levels could not be measured. Abbreviations: dms, degrees minutes seconds; ft, foot; in., inch]

 Site and 
No.

Latitude  
(dms)

Longitude  
(dms)

Land-surface 
altitude  

(ft)

Casing 
diameter  

(in.)

Well depth  
(ft below  

land surface)

Height of 
measuring 

point 
(ft above  

land surface)

Water-level 
measurement 

date

Water level     
(ft below  

land surface)

Water-level 
altitude  

(ft)

Upgradient wells

 LSU2 48 21 22.1 122 40 09.1 24.16 0.5 8.9 1.70 08-02-06 Plugged –
      08-10-06 Plugged –

 LSU3 48 21 24.1 122 40 07.5 24.29 .5 9.2 1.45 06-28-06 4.41 19.88
      08-02-06 5.34 18.95
      08-10-06 5.59 18.70

 LSU4 48 21 26.1 122 40 06.0 23.87 .5 9.6 0.92 06-26-06 5.97 17.90
      06-28-06 5.52 18.35
      08-02-06 4.69 19.18
      08-10-06 5.09 18.78

Lagoon wells

 LSC1 48 21 21.7 122 40 14.1           16.32 0.5 9.1 1.50 06-26-06 7.15 9.17
      06-28-06 7.17 9.15
      08-02-06 7.27 9.05
      08-10-06 7.34 8.98
      08-16-06 7.39 8.93

 LSC2 48 21 24.5 122 40 13.2 15.81 .5 9.7 0.89 06-28-06 8.90 6.91
       08-02-06 8.92 6.89
      08-10-06 8.89 6.92

 LSC3 48 21 26.4 122 40 09.3 17.00 .5 15 .35 06-28-06 7.00 10.00
      08-02-06 7.25 9.75
      08-10-06 7.32 9.68
      08-16-06 7.52 9.48

 LSC4 48 21 29.7 122 40 09.3 16.41 .5 15 3.90 06-28-06 dry –
      08-02-06 10.64 5.77
      08-10-06 10.51 5.90

      08-16-06 10.70 5.71

Downgradient wells

 LSD1 48 21 23.9 122 40 18.6 15.50 0.5 13 3.25 08-02-06 10.66 4.84
      08-10-06 10.35 5.15
      08-16-06 10.46 5.04

 LSD2 48 21 29.3 122 40 15.5 15.16 .5 13 2.62 08-02-06 10.52 4.64
      08-10-06 9.91 5.25
      08-16-06 10.46 4.70

Ground-Water Levels    �



Ground-Water Quality
Concentrations of nitrate and selected other constituents 

in ground-water samples collected in June and August 
2006 are shown in table 1. Only five of the nine drive-point 
wells installed in the former sewage lagoon were capable of 
producing sufficient volume of ground water for sampling. 
As previously described, the well at site LSU2 was too silty 
to provide useful water-level measurements or collection of 
ground-water samples. Wells at sites LSC3 and LSC2 were 
initially incapable of producing more than 2 milliliters of 
water per minute, so the well points were extracted following 
the August 10 water-level measurement and a 6-in. length 
of stainless steel screen attached to 3/8-in. polyethylene 
tubing was installed using a retractable-open casing with a 
removable drive point. The stainless steel screens provided 
a greater area of well opening for flow of ground water into 
the well, but sampling was still unsuccessful. Fragments of 
peat material were removed from the well at site LSC3 when 

the stainless steel well screen was extracted, and additional 
fragments of peat were extracted from the well at site LSC4 
during subsequent probing. Hydraulic characteristics of peat 
include low permeability and high capacity for water retention 
(Price, 1997). The occurrence of peat in the areas near the well 
screen of wells at sites LSC3 and LSC4 was consistent with 
the observed drainage of the water during well development 
and the subsequent lack of yield when the well was pumped. 
Although the number of wells sampled was less than planned, 
the variability in the measured concentrations was small 
suggesting these samples generally are representative of 
ground water beneath the former lagoon area.

Concentrations of nitrogen species in ground water 
beneath the fomer lagoon were small with respect to the U.S. 
Environmental Protection Agency’s (USEPA) maximum 
contaminant level (MCL) of 10 mg/L for nitrate in ground 
water. Concentrations of nitrate measured in ground-water 
samples were less than the laboratory reporting limit of 
0.06 mg/L, although other forms of nitrogen more compatible 
with reducing geochemical conditions that were present in the 

Table 2.  Ground-water quality data collected from drive-point wells at the former sewage lagoon at Naval Air Station Whidbey 
Island, Washington, June and August 2006.

[Total nitrogen: Nitrate plus nitrite plus ammonia plus organic nitrogen. Abbreviations and symbols: mg/L, milligram per liter; μS/cm, microseimen 
per centimeter. D, data censored (rejected) by laboratory; rep, field replicate sample; E, estimated value; <, actual value is less than value shown; >, actual 
value is greater than value shown; ~, approximate value; –, no data]

Site  
and No.

Date 
sampled

Dissolved 
oxygen 
(mg/L)

Specific 
conductance 

(μS/cm)

Ferrous 
iron 

(mg/L)

Chloride 
(mg/L)

Ammonia 
(mg/L 
as N)

Nitrite plus 
nitrate 

(mg/L as N)

Nitrite 
(mg/L as N)

Total  
nitrogen 

(mg/L as N)

Ortho- 
phosphate 

(mg/L  
as P)

Total
organic 
carbon 
(mg/L)

Carbon 
dioxide 
(mg/L)

Upgradient wells

LSU3 06-28-06 – 575 34.8 – 3.85 E0.05 0.017 5.49 0.134 72.5 70
LSU4 06-28-06 – 2,510 – – – – – – – – –

Lagoon centerline wells

LSC1 06-28-06 0.1 808 11.5 – 3.07 <0.06 0.002 3.73 D 14.7 250
08-16-06 – – – 61 4.23 <0.06 0.004 4.82 D – –

LSC2 06-28-06 – 553 12.0 – 7.67 <0.06 <0.002 8.44 0.016 20.1 ~100

Downgradient wells

LSD1 08-10-06 <0.1 661 20.3 – 3.79 <0.06 0.005 4.29 0.807 13.6 145
08-16-06 <0.1 650 – 51.4 3.77 <0.06 0.004 4.38 0.639 – –

LSD2 08-10-06 <0.1 560 36.3 – 0.814 <0.06 0.004 1.15 0.053 13.7 140
08-16-06 <0.1 573 – 38.5 E0.869 <0.06 0.002 1.20 0.021 – –

LSD2 (rep) 08-16-06 – – – – E0.864 <0.06 0.003 1.20 0.031 – –

Field sample process blank

LSU4 08-10-06 >1 2.2 0.0 – 0.014 <0.06 <0.002 <0.06 <0.006 <0.4 –
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ground water were measured. Concentrations of total nitrogen, 
which is the sum of nitrate, nitrite, ammonia, and organic 
nitrogen, ranged from 1.15 to 8.44 mg/L as N. Most of the 
total nitrogen present in the ground-water samples was in the 
ammonia form, typically comprising 70 to 90 percent of the 
total nitrogen. Organic nitrogen was not measured directly but 
was calculated as the difference between the concentration of 
total nitrogen minus the inorganic forms nitrate, nitrite, and 
ammonia. If all forms of nitrogen were converted to nitrate, 
the resulting concentration would remain smaller than the 
USEPA maximum contaminant level for nitrate. Specific 
conductance and chloride concentrations of ground water 
beneath the lagoon were larger than those reported for regional 
ground waters of Whidbey Island (Sapik and others, 1988) 
but were within the range of concentrations typical for treated 
municipal wastewaters (National Research Council, 1996). 
For conservative constituents, such as chloride and specific 
conductance, ground water beneath the former sewage lagoon 
exhibited some effects of seepage from the former sewage 
lagoon but did not contain nitrogen concentrations greater than 
the maximum contaminant level.

Strongly reducing geochemical conditions in ground-
water samples from beneath the former sewage lagoon were 
indicated by the absence of dissolved oxygen and nitrate and 
the presence of large concentrations of ferrous iron. Reducing 
conditions commonly are observed in ground waters with 
abundant labile organic carbon such as from peat deposits, 
septic systems, or sewage lagoons. Total organic carbon 
(TOC) concentrations measured in ground water from beneath 
the former sewage lagoon ranged from 13.6 to 72.5 mg/L. The 
largest TOC concentration was measured at the upgradient 
well at site LSU3. Large concentrations of TOC in ground 
water are characteristic of the occurrence of peat within 
aquifer materials. Given the abundant supply of organic carbon 
in ambient ground water at the site, any nitrate that may leach 
from residual sludge at the former sewage lagoon is expected 
to be quickly denitrified or transformed to nitrite or ammonia 
under the strongly reducing geochemical conditions that are 
present.

Nitrogen in Soils and Sediment
Concentrations of total nitrogen in all soil and sediment 

samples from the former sewage lagoon were small (<100 to 
330 mg/kg; table 3) compared to concentrations (1,200 mg/kg 
as N or about 5,000 lb/acre) that are typical for well developed 
agricultural soils in the Puget-Willamette region west of the 
Cascade Mountains (Marx and others, 1999) and substantially 
less than 3 percent (30,000 mg/kg) that is the typical 
concentration of nitrogen in sewage sludge (National Research 

Table 3.  Nitrogen and organic carbon concentrations in 
composite soil and sediment samples collected and analyzed 
by the U.S. Navy at the former sewage lagoon, Naval Air Station 
Whidbey Island, Washington, June 2006. 

Site  
and No.

Sample  
location

Concentration, in  
milligrams per kilogram Organic  

carbon   
(percent)Nitrate as 

nitrogen
Ammonia as 

nitrogen 
Total  

nitrogen

Depth interval, 0–6 inches

LSC1 Lagoon 1 2 <100 0.2
LSC2 Lagoon 1 2 <100 0.3
LSC3 Lagoon 1 2 <100 0.2
LSC4 Lagoon 1 3 330 0.8
LSU1,3,5 Upgradient 1 2 430 1

Depth interval, 7–18 inches

LSC1 Lagoon 14 6 <100 0.2
LSC2 Lagoon 4 9 <100 0.2
LSC3 Lagoon 1 2 <100 0.2
LSC4 Lagoon 1 2 <100 0.2
LSU1,3,5 Upgradient 1 3 270 0.6

Depth interval, 19–30  inches

LSC1 Lagoon 9 24 <100 0.2
LSC2 Lagoon 2 7 <100 0.2
LSC3 Lagoon 1 4 <100 0.2
LSC4 Lagoon 1 5 <100 0.2
LSU1,3,5 Upgradient 3 13 <100 0.3

Council, 1996). Nitrate-nitrogen concentrations measured 
in soils from the former sewage lagoon were in the range 
considered small (less than 10 mg/kg) for typical soils west of 
the Cascades and ammonia-nitrogen concentrations were more 
in the typical range of 2–10 mg/kg. The largest nitrate and 
ammonia concentrations, 14 and 24 mg/kg respectively, were 
measured in soil samples from the two lower depth intervals 
at sampling site LSC1 in the former sewage lagoon and may 
represent the downward migration of nitrogen in that area. The 
lack of substantial accompanying organic carbon indicates 
that measured nitrogen was not due to the presence of buried 
organic matter. Nitrate and ammonia also were detected in the 
sediments from lower depth intervals beneath the upgradient 
locations at concentrations approaching 25 to 50 percent 
of those beneath the former sewage lagoon. Total nitrogen 
concentrations in soil samples from the top and middle depth 
intervals at the upgradient locations were larger than those in 
the samples from the former sewage lagoon.
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 The measured organic carbon fractions ranged from 
0.2 to 1 percent (table 3), which were less than the 2 to 5 
percent that is typical for soils developed on glacial outwash. 
There was little organic carbon or nitrogen measured in 
the composite soil samples from the former sewage lagoon 
indicating the amount of residual sewage sludge present in 
the sediments was small. During sample collection in June 
2006, no discernible organic layer within the soil profile was 
observed nor was there visual evidence of sewage-sludge 
or residual organic material. Stands of clover, lupine, and 
rye-grass were established and growing during June 2006, 
but were withered during August of the same year. There was 
no apparent soil profile observed at the sampling locations 
within the former sewage lagoon. At the upgradient sampling 
locations, poorly developed profiles consisting of a layer of 
slightly oxidized surficial sediments were present in the upper 
few inches.

Concentrations of nitrogen measured in soil samples 
collected in June 2006 were less than the concentrations 
reported for the soil samples collected in August 2005. A 
likely cause of this difference could have resulted from 
differences in the depth interval over which the samples were 
collected. Most of the organic matter that was visible in the 
sediments from the site was observed near the soil surface, 
which is consistent with natural soils where the largest 
concentrations of soil nitrogen typically are found in organic 
matter occurring near the soil surface (Brady, 1974; Bohn 
and others, 1984). Information was not available on the depth 
interval used in the collection of soil samples in August 2005. 
Samples collected in June 2006 integrated soil material from 
intervals of 6 in. or more of the soil-sediment profile and may 
have included a much larger fraction of the non-organic rich 
soil material that essentially diluted the nutrient contribution 
from the more organic rich soil from near the land surface 
thus resulting in substantially smaller concentrations of 
soil nutrients. The June 2006 soil samples clearly show the 
absence of extensive residual sewage sludge in the sampled 
soils.

Based on the relatively small concentrations of organic 
carbon and nitrogen species measured in soil samples 
integrated over the approximately 30 in. profile from the 
former sewage lagoon (table 3), little residual sewage sludge 
remains in the re-graded sediments and soil overlying the area. 
The smallest concentrations of both total nitrogen and organic 
carbon were measured in the deepest depth interval sampled 
(19–30 in.) within the former lagoon indicating that any 
residual sewage sludge is expected to be above that depth.

Assessment of Potential for Ground-
Water Contamination

Concentrations of nitrogen species in ground-water 
samples from beneath the former sewage lagoon obtained 
after the first season of winter rains following deconstruction 
and restoration of the former sewage lagoon were less than 
the maximum contaminant level. Multiple lines of evidence, 
including (1) the lack of substantial measurable quantities 
of organic matter in the re-graded sediments; (2) agronomic 
analysis of nutrient uptake by plants and the potential 
sequestration of nitrogen in the developing soil at the site; and 
(3) the possible occurrence of peat deposits within the aquifer 
material, indicate that the potential for substantial additions of 
nitrogen to ground water beneath the former sewage lagoon 
resulting from its deconstruction is small.

The lack of measurable quantities of total nitrogen 
and organic carbon in the composite soil-sediment samples 
indicate the lack of substantial organic matter or residual 
sewage sludge that could serve as a nitrogen source in the 
re-graded sediments. The amount of total nitrogen in the soil 
samples is used as a factor in the agronomic analysis that 
is used to assess potential for ground-water contamination 
at sites where land application of biosolids is practiced 
(Washington State Department of Ecology, 2000). The 
analysis considers the conversion of nitrogen bound in organic 
matter from biosolids or sewage sludge to forms that are 
mobile and available for either plant uptake or leaching to 
ground water. Nitrogen is released over several years from 
the organic matter in biosolids or sewage sludge although 
the rate of release decreases with time (Gilmour and others, 
2003). Using worksheets for calculating agronomic biosolid-
application rates in Washington (Cogger and Sullivan, 1999), 
an estimated 30 percent of the nitrogen present in land-applied 
biosolids is converted to plant-available nitrogen (nitrate or 
ammonia) in the first year following application. In the second 
and third year, the amount of nitrogen converted to plant 
available forms decreases to 8 and 3 percent, respectively, 
and in the years following, only 1 percent of the nitrogen in 
original application of biosolids is converted to plant available 
or leachable forms. Following year five, residual organic 
matter is considered part of the stable soil organic matter and 
are not included in subsequent calculations. Thus, the potential 
for nitrogen contamination of ground water arising from 
residual sewage sludge will diminish commensurately with 
time.
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Applying the agronomic analysis approach (Cogger 
and Sullivan, 1999) to determine the amount of nitrogen that 
might be present at the NASWI former sewage lagoon and 
might be released from any remaining residual sewage sludge 
is complicated by several factors. First, the total amount of 
nitrogen present in the surficial soil sediments of the former 
sewage lagoon is difficult to estimate quantitatively because 
more than one-half of the laboratory analysis results were 
less than the reporting limit of 100 mg/kg. And secondly, 
the sediments in question constitute a very poorly developed 
soil and may have substantially different nutrient release 
and uptake rates than those determined for well-developed 
agronomic soils. In addition, crop nutrient requirements 
are a component of the analysis, and the lack of established 
vegetation at the site further complicates the analysis. Lastly, 
because the former lagoon soils are not well developed, much 
of the nitrogen converted from any residual sludge to plant 
available forms likely will be sequestered in developing plant 
and soil bacteria, as is common in soils developed on river 
terraces and sand bars (Kaye and others, 2003).

The potential for leaching of nitrogen to ground water 
is greatest at times when the temporal and spatial vegetative 
cover at the former lagoon is sparse and plants are not present 
to utilize available forms of nitrogen. An estimation of the 
nitrogen concentration that might occur in recharge that has 
leached all available nitrogen from the soil can be calculated. 
The plausible estimation of maximum concentration of 
nitrogen (both nitrate and ammonia) in recharge water passing 
through and leaching all available nitrogen from the upper 
6 in. portions of the re-graded sewage lagoon area can be 
calculated based on the maximum measured total nitrogen 
concentration of 330 mg/kg, a soil density of 1.5 g/cm3, 
a recharge rate of 11.8 in/yr (equivalent to 0.03 L/cm2), 
and the organic nitrogen mineralization rates provided in a 
worksheet for calculating bio-solids application rate (Cogger 
and Sullivan, 1999). The resulting combined concentration 
of nitrate and ammonia in the recharge water leaching all 
available nitrogen from the upper 6 in. of the soil zone would 
be:

Year 1 74.0 mg/L combined nitrate and ammonia

Year 2 19.8 mg/L combined nitrate and ammonia

Year 3 7.42 mg/L combined nitrate and ammonia

Year 4 2.48 mg/L combined nitrate and ammonia

Year 5 2.48 mg/L combined nitrate and ammonia

The amount of nitrate-nitrogen that would be transported 
to ground water beneath the former sewage lagoon is 
unknown; however, concentrations would be expected to be 
less than the estimated concentration of the recharge leachate. 
The recharge water containing the leached nitrogen contains 
both ammonia and nitrate species. Most of the nitrogen in 
the recharge leachate likely was in the ammonia form as the 
concentration of ammonia typically was at least twice as large 
as nitrate in the soil sediments that were analyzed and 70 to 90 
percent of the total nitrogen present in ground-water samples 
from the site was in the ammonia form. In addition, the 
recharge-leachate would mix with ambient ground water that 
typically contains less than 0.5 mg/L nitrate (Sapik and others, 
1988). Because the area is near the shoreline of Puget Sound, 
tidal influence on ground water is expected to cause daily 
oscillation of ground-water levels that would increase mixing 
of local recharge with regional ground water. Mixing of the 
limited amount of recharge reaching the water table at any one 
time is likely to result in substantial dilution of concentrations 
of nitrogen species.

During well installation, peat material was observed 
in the sediments at wells at sites LSC3 and LSC4 and its 
presence within the aquifer material may contribute to 
reductions in the concentrations of nitrogen species in 
recharge leachate and ground water. Wetlands and peat 
deposits have been used in the treatment of wastewater 
to reduce nutrient concentrations as well as many other 
potential contaminant in domestic and municipal wastewaters 
(Couillard, 1994; Verhoevan and Meuleman, 1999). The extent 
of peat deposits in not known; however, soils in the vicinity of 
the former sewage lagoon were mapped as Rifle or Tanawax 
peat soils (Ness and Richins, 1958).

Summary and Conclusions
The potential for contamination of ground water from 

residual sewage sludge in re-graded sediments following 
deconstruction and site restoration of a sewage lagoon 
was evaluated. Composite soil and sediment samples were 
collected and analyzed for organic carbon and nitrogen 
species, ground-water levels were measured in temporary 
drive-point wells, and ground-water samples were 
collected and analyzed for nutrients and other water-quality 
characteristics. Wells were located in three areas based on the 
anticipated direction of ground-water flow toward the beach. 
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Resulting water-level measurements indicate the direction 
of ground-water flow is toward the Puget Sound. Prior to the 
installation of temporary wells, composite soil samples were 
collected by the U.S. Navy and analyzed to determine the dry-
weight concentration of organic carbon and nitrogen species.

The amount of total nitrogen and organic carbon 
present in the sediments at the former sewage lagoon was 
only about 25 percent of the amount typically present in 
developed agricultural soils, indicating that the sediment of 
the former lagoon area is essentially devoid of organic matter 
that would be present in residual sewage sludge. The largest 
concentration of total nitrogen measured in soil samples 
from the former lagoon (330 milligrams per kilogram) was 
used to develop an upper-bound estimate of the amount of 
nitrogen that might be leached by recharge and mixed with 
ground water. Nitrate concentrations measured in ground-
water samples were smaller than the upper-bound estimate 
and did not exceed established U.S. Environmental Protection 
Agency’s maximum contaminant level of 10 milligrams per 
liter. Seventy to 90 percent of the total nitrogen present in 
ground water was in the ammonia form with a maximum 
concentration of 7.67 milligrams per liter.

Overall, concentrations of nitrogen species in ground 
water beneath the lagoon were small with respect to the U.S. 
Environmental Protection Agency maximum contaminant 
level for nitrate in ground water (10 milligrams per liter). 
Concentrations of total nitrogen in ground water beneath the 
lagoon, which is the sum of all forms of nitrogen including 
nitrate, nitrite, ammonia, and organic nitrogen, ranged from 
1.15 to 8.44 milligrams per liter as N. Thus, even if all forms 
of nitrogen were converted to nitrate, the combined mass 
of nitrogen would be less than referenced as the maximum 
contaminant level. Given the abundant supply of organic 
carbon in ambient ground water at the site, any nitrate that 
may leach from residual sludge at the former sewage lagoon 
is expected to quickly transform to nitrite and ammonia under 
the strongly reducing geochemical conditions that are present.
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