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Hydrologic Setting and Groundwater Monitoring 

Waim nalo Gulch Sanitary Landfill 

Kahe Valley, Island of O‘ahu, Hawai‘i 

Waste Management, Inc./Geosyntec Consultants, Inc. 
December 2006 

1. HYDROGEOLOGIC SETTING 

1.1 Climate and Topography 

WGSL is located in a region of Oahu that is relatively arid when compared to the 

rest of the island due to the “rain-shadow” effect of the Waianae Mountain 

Range. The average annual rainfall in the area is approximately 20 inches, while 

gauge stations in the nearby mountains experience significantly higher rainfall 

averages (Hokuloa gauge, elevation 2,200 feet above mean sea level, average 

annual rainfall 42 inches). 

The regional topography near the WGSL is dominated by the moderate to steep 

Waianae Range, a northerly trending volcanic mountain complex that is 

characterized by narrow valleys separated by steeply sloping hills and ridges. 

The range extends northward from the site approximately 20 miles and is up to 

approximately 4 miles in width. The WGSL is located at the southern toe of this 

range in a typically steep and narrow valley (gulch). Elevations along the main 

mountain ridgeline range from about 1,000 to 3,600 feet msl. Elevations drop 

dramatically away from the main ridgeline. Lateral slopes along the Waianae 

Range are asymmetrical, with steeper slopes to the west. Typical slopes on the 

sides of the range drop some 2,600 feet over distances of two miles or less. Near 

the WGSL, the mountains of the Waianae Range transition to the low-lying 

coastal plains. Elevations abruptly diminish from 2,300 feet msl (Puu 

Manawahua) to sea level in a lateral distance of two miles in the WGSL vicinity 

(RUST, September 1993). 

The WGSL is located in a relatively narrow gulch with a steeply sloping valley 

floor and sides. At the mouth of the gulch, the elevation of the valley floor is 
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approximately 50 feet msl and rises to 450 feet msl over a distance of 4,800 feet 

(up to an 18% slope). Relative elevations between the valley floor and the tops of 

the adjacent ridges range from about 60 feet to 240 feet. Waimanalo Gulch is 

approximately 1,000 feet wide from ridge to ridge at its widest point, and is about 

500 feet wide at its narrowest point (near the confluence of the upstream 

tributaries). Site elevations vary from a low of about 70 feet msl in the southeast 

corner to a high of about 940 feet msl in the northern portion of the property.

1.2 Regional Geology 

The island of Oahu represents the eroded remnants of two shield volcanoes, 

Waianae and Koolau. The Koolau volcano was active after the Waianae volcano 

became dormant, and its flows backed against the Waianae volcano shield to 

form the Schofield Plateau. After a long quiescent period during which erosion 

cut canyons several thousand feet deep, another series of lava flows, the 

Honolulu Volcanic Series, formed cinder and cones primarily along the 

southeastern portion of the island.

The Waianae Volcanic Series was formed during the Tertiary period and forms 

the majority of the Waianae Range. This series is divided into lower, middle and 

upper members. The lower member consists of sequenced lava flows and 

associated pyroclastic material up to 2,000 feet thick, which makes up the 

majority of the Waianae shield volcano. The rocks of this member are mostly 

thin-bedded pahoehoe that are locally intruded by dikes in the southwestern 

portion of the island (Takasaki, 1971). 

The middle member of the Waianae Volcanic Series is in unconformable contact 

with the lower member and consists of rocks that accumulated in the caldera 

and, as such, are thick (on the order of 2,000 feet) and generally horizontally 

bedded (Macdonald, 1940). This member resembles the lower member but 

contains more a'a flows than in the lower member. The middle member also is 
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locally intruded by dikes in the southwestern portion of the island (Takasaki, 

1971).

The upper member is about 2,300 feet thick, and is mostly massive a'a flows that 

issued from large cinder cones (Takasaki, 1971). Dikes also locally intrude the 

upper member in the southwestern portion of the island, but fewer dikes are 

present in the upper member than in the lower two members. The valleys of the 

Waianae Range typically contain moderately thick deposits of alluvium1 and 

colluvium2.

Erosion has removed most of the western slope of the Waianae shield and 

exposed the internal structure of the volcano. The shield was built by eruptions 

that took place along three rift zones. The two principal rift zones trended 

northwestward and southeastward from the summit, while a lesser one trends 

northeastward (Takasaki, 1971). A rift zone of an active volcano is characterized 

by parallel to subparallel fissures and a line of cinder and spatter cones. These 

features are absent in older, dormant volcanoes such as the Waianae volcano 

where rift zones are identified by erosion-exposed dike complexes (Takasaki, 

1971). The dikes are generally basalts and diabases and are aphanitic or have 

only a small content of phenocrysts. The dikes typically have glassy chilled 

margins and show a gradual steady increase in grain size from rim to center. 

Near surface lava in Hawaii typically contains high numbers of cooling joints, 

vesicle partings, flow-unit boundaries, rubble layers and other planes of 

weakness (Walker, 1987). Dikes cutting near surface flows can be highly 

irregular in shape. Dikes are common in the western and southwestern Waianae 

Range. They are sparse in the less permeable, massive, thick-bedded flows of 

                                           
1
 Sediments deposited by erosional processes, usually by streams, 

www.weather.gov/glossary/glossary.php.

2
 Rock and soil accumulated at the foot of a slope from gravitational forces, 

www.blm.gov/nhp/Commercial/SolidMineral/3809/deis/glossary.html.
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the upper member and more numerous in the highly permeable, thin-bedded 

flows of the lower member of the Waianae Volcanic Series (Takasaki, 1971). 

"Caprock”, which consists primarily of alluvium, terrigenous and marine clays, 

and fossilized coral reef with associated calcareous detritus, overlies the volcanic 

sequences along much of the Oahu coastline. Portions of the caprock are 

important local coastal aquifers, such as in the Ewa Plain. However, much of 

caprock is less permeable than the sequences of volcanic rocks so it acts a 

confining unit above the volcanic aquifer sequence (Hufen et al, 1980; RUST, 

September 1993). 

1.3 Regional Hydrogeology 

On a regional scale, fresh groundwater in aquifers on Oahu is similar to other 

islands, and occurs as a lens floating above and displacing saline groundwater. 

Generally, the fresh water lens is thickest at the center of the island and thins 

toward the edges of the island at sea level (e.g. Hufen and others, 1980).

In the southeastern portion of the Waianae Range, the principal groundwater 

aquifer system is the middle and lower members of the Waianae Volcanic Series. 

The volcanic aquifers are recharged by infiltration of rainfall and surface runoff 

originating in the Waianae and Koolau Ranges. Flows of the upper member are 

largely above the water table and contain only a small perennial supply. 

Permeability of a volcanic aquifer is generally high due to presence of pahoehoe 

lava tubes and loose clinker zones and rubble between lava flows. However, 

permeability is highly variable on a local scale and the low-permeability dense 

interiors of a'a lava flows and cross-cutting near-vertical volcanic dikes can 

function as hydraulic barriers that locally partition groundwater both vertically and 

horizontally. Groundwater gradients in portions of the southern Waianae Range 

have been shown to be step-like rather than smooth due to the presence of dikes 

that act as barriers to groundwater flow (Takasaki, 1971; Hufen and others, 

1980).
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Groundwater generally flows from inland areas outward toward the coast. 

However, locally, discharge of groundwater to the sea is limited by low 

permeability “cap rock” that overlies the volcanics along much of the coast of 

Oahu. Locally, the caprock prevents the free discharge of groundwater to the 

ocean, and diverts groundwater flow parallel to the coastline toward areas 

without confining cap rock where the groundwater discharge to the sea is 

unimpeded.

Waimanalo Gulch is located in the Makaiwa Aquifer System as defined by the 

Commission on Water Resource Management (CWRM) Water Resource 

Protection Plan Volume II (George A. L. Yuen & Assoc., 1990). This aquifer has 

not been assigned a sustainable yield by CWRM, though it is adjacent to the 

Ewa-Kunia Aquifer System to the east and the Nanakuli Aquifer System to the 

northwest. The estimated sustainable yield of the Ewa-Kunia Aquifer System is 

16 million gallons per day (mgd); while the Nanakuli Aquifer System is assigned 

one (1) mgd for sustainable yield. 

Although no groundwater is developed in the Makaiwa Aquifer System and near 

Waimanalo Gulch, several monitoring wells and test holes have been drilled in 

the lower part of the valley and the neighboring Kahe Point area.

Present water levels encountered in the Ewa-Kunia Aquifer System, east of 

Waimanalo Gulch, are greater than 13 feet above msl. Near Makaiwa Gulch, just 

east of Waimanalo Gulch, a hydrologic discontinuity occurs where water levels 

drop to less than 6 feet above msl (see Stearns, 1940, p.36). U. S. Geological 

Survey test holes T-4 (2006-12) in the Ewa-Kunia Aquifer System and T-5 (2007-

01) in the Makaiwa Aquifer System are only a mile apart and reflect the 

discontinuity (CWRM well database). Figure 1, Well Location Map, is a well 

location map that also depicts the approximate location of wells T-4 and T-5 and 

the boundary between the Ewa-Kunia and Makaiwa Aquifer systems.  When 

originally drilled in 1938, the water levels for T-4 and  T-5 were 17.0 feet and 6.5 
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feet above msl, respectively (Stearns, 1940). The last water level measurement 

for T-4 was 13.73 ft above msl (December 6, 2001, Honolulu Board of Water 

Supply measurement). Well T-5 was previously abandoned and sealed. 

The Nanakuli Aquifer System, to the west of the Makaiwa Aquifer System, has 

only a few wells and test holes. One observation well of note was test hole T-15 

(2307-01) described by Stearns (1940) and Mink (1978). This hole was drilled at 

an elevation of 479.6 ft above amsl. It penetrated 100 feet of talus and old 

alluvium before entering basalt. It was drilled to -9.0 feet above msl and had an 

initial water level of 2.6 feet above msl. According to Mink (1978), T-15 was used 

as an observation well until 1969.  Regular monthly water levels were measured 

from 1940-1953 and ranged from 1.60 feet to 3.14 ft above msl. The average 

water level for the period of record was 2.0 feet above msl. Chlorides varied from 

86 to 119 milligrams per liter (mg/L). 

Hydraulic conductivities in dike-free basaltic lavas on Oahu typically range 

between 1,000 and 2,000 feet per day (ft/d). A value of 1,500 to 2,000 ft/d is 

commonly used in analytical and numerical groundwater models (Mink, 1980; 

Oki, 1997). The hydraulic gradient for dike-free lava flows is typically 1-foot per 

mile, which is the value found in the adjoining Ewa-Kunia Aquifer System. 

For dike-impounded aquifers, the hydraulic conductivity depends upon dike 

spacing, their distribution and continuity, and depth of penetration into the 

aquifer. In an aquifer where there are more than 100 dikes per linear mile, or as 

used by Takasaki and others (1969) as constituting 5 percent or more of the 

country rock, the hydraulic conductivity is generally low (<1 percent), typically 

ranging between 1 and 100 ft/d. While in the marginal dike zone where dike 

occurrence is much less, the conductivity values typically range between 100 and 

1,000 ft/d (Takasaki and Mink, 1982; Takasaki and Mink, 1985).

Wells, test holes, and monitoring observation wells were drilled in the lower valley 

as part of a regular monitoring program and for the proposed expansion plan. 
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Wells are sampled regularly and used to determine groundwater gradients. The 

wells listed below in Table 1 are located near Makaiwa Gulch, Waimanalo Gulch, 

and Kahe Valley.  Well data are from the CWRM database and data for the 

monitoring wells are provided by Waste Management of Hawaii, Inc.

Table 1: Wells in the Kahe Point/Waim nalo Gulch Sanitary Landfill Area 

(Source: CWRM Well Database and Waste Management, Inc.) 

Well No. 
Old

Name 
Init. WL 
(ft amsl) 

Init. Cl 
(mg/L)

Grnd El. 
(ft amsl) 

Bot. Hole 
Elevation 
(ft. bmsl) 

Casing
Diameter

(in.)

Length
Screen
Interval 

(ft)

2007-01* T-5 5.5 484 80 -20 6 15 

2107-01* T-51 3.2 492 203 -7 4 11 

2107-02 T-128 2.1 N/A 22 -182 N/A N/A 

2107-03 T-129 1.7 6750 28 -176 N/A N/A 

2107-04 T-130 5.8 362 62 -65 N/A N/A 

2107-05 T-131 1.9 3300 40 -51 N/A N/A 

2107-06 T-68 2.1 2410 58 -67 N/A N/A 

2107-07

(MW07)
a

 3.82 890 202.4** -14.6 2 30 

MW02
 a
  3.88 1400 73.82** -8.8 2 15 

MW03
 a
  3.84 1100 77.14** -7.5 2 18 

MW10  N/A N/A   2  

MW11  N/A N/A   2  

*sealed and/or lost 

**top well head 

a – data from Quarterly Monitoring Report for January –March 2006 at the WGSL 

The wells shown in Table 1 are located in lava flows defined by Stearns (1940) 

as “Lower and Middle Members” of the Waianae Volcanic Series. Figure 1, Well 

Location Map identifies the location of wells and also depicts the location of T-

15.
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The quality of groundwater in the volcanic aquifers is generally good, except 

where proximity to the ocean results in elevated salinity (Takasaki, 1971). Other 

sources of lower quality groundwater include leaching of hydrothermally altered 

volcanic rocks in the central vent area and of carbonate rocks above or adjacent 

to the volcanic aquifer (i.e., caprock; Takasaki, 1971). Total dissolved solids 

concentrations in wells to the northwest of the WGSL range from about 200 to 

about 2,000 mg/l. Chloride concentrations in these same wells range from about 

10 to greater than 10,000 mg/l. 

1.4 Site Geology  

This section summarizes the results of studies related to site geology, 

hydrogeology, and geochemistry that have been performed at the WGSL since 

the early to mid 1990s.

The sequence of volcanic rocks encountered in borings and exposed on slopes 

at the WGSL is the lower member of the Waianae Volcanic Series (e.g. TNWRE, 

August 7, 1993). The lava flows include both a'a and pahoehoe flows ranging 

from aphanitic to porphyritic. Coloring of the rock material varies from grey to 

reddish grey to red, and the texture varies widely from highly vesicular to dense 

and fine-grained.

Based on observations made during drilling and down-hole video logs of borings 

drilled in October 2006 for monitoring wells MW-10 and MW-11, lava flows range 

in thickness from 3 to 20 feet thick, and loose clinker zones between flows 

comprise approximately 20 percent of the volcanic sequence (Geosyntec, 

December 7, 2006). 

U. S. Geological Survey (USGS) personnel identified a near-vertical dike striking 

between about 15 and 20 degrees west of north, located at the approximate 

midpoint of the WGSL property. Furthermore, dikes have been documented to 

exist through visual observation from site personnel during excavation activities. 



WGSL Hydrogeologic Setting and Groundwater Monitoring Page 9 

Two dikes were documented during the construction of Cell E1 (A-Mehr Inc, 

2003). In addition, recent geologic reconnaissance has confirmed the presence 

of dikes to the north of the site (Mink & Yuen and Knight Enterprises, 2006). The 

trends of the dikes are predominantly north/northwest, and when projected to the 

southwest, intersect portions of the northern and northeastern cells of the 

existing landfill. The approximate location of near vertical dikes in the vicinity of 

the WGSL that cross-cut the sequence of basaltic lava flows are shown on 

Figure 2.

1.5 Site Hydrogeology 

Groundwater under the WGSL is present within the lower and middle members 

of the Waianae Volcanic Series that dips slightly towards the coast (southwest). 

In the vicinity of the lower portion of the WGSL, the water table occurs at an 

elevation of approximately 4 feet above msl and is very flat. As a consequence of 

the topographic relief, depth to groundwater at the five monitoring wells ranges 

from 55 to 200 feet. Table 2 provides depths and screened interval information 

for the five monitoring wells.

Table 2: Monitoring Wells at WGSL 

approximate 10/20/2006 10/20/2006 11/20/2006 11/20/2006

Northing Easting MP Elevation casing stickup top bottom depth to gw gw elevation depth to gw gw elevation

(feet) (feet) (ft above MSL) (ft above gs) (ft bgs) (ft bgs) (ft below MP) (ft above MSL) (ft btoc**) (ft above MSL)

MW-2 66,879.36 456,496.80 73.85 1.9 82.6 82.6 69.62 4.25 69.66 4.19

MW-3 67,383.32 456,311.18 77.18 1 84.6 84.6 72.94 4.26 73 4.18

MW-7 68,092.04 456,724.17 202.42 2.3 217 217 198.31 4.13 198.28 4.14

MW-10 67,186.53 457,050.04 123.48 0 135 135 119.11 4.37 119.14 4.34

MW-11 66,570.31 456,821.29 61.13 3.5 67 67 56.68 4.45 56.775 4.36

Notes:

All five monitoring wells are Schedule 40 PVC casing.

All five monitoring wells surveyed by Park Engineering 24 October 2006.

Surveyed MP (measuring point) is top of PVC casing (TOC).

Oct 20, 2006 depth to water at MW-2, MW-3, and MW-7 was measured from top of cap for pump assembly, which is 3/16 inch (0.0156 ft) above top TOC

** Pump assemblies at MW-2, MW_3 & MW-7 were removed prior to 11/20/2006 measurments so depth to water was measured from TOC for all wells.

Water levels in monitoring wells are tidally influenced. Water levels reported here do not include averaging or compensation for tidal influence.

-------- screen --------
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The marine sediments of the Ewa Plain to the south and east form a low 

permeability caprock that inhibits groundwater discharge to the ocean south and 

east of the WGSL. However, the caprock is reported to be generally absent along 

the coast to the west and northwest of Waimanalo Gulch, in the area of the Kahe 

Park. The distribution of confining caprock is interpreted to control the westward 

flow of groundwater and unimpeded discharge to the sea west to northwest of 

the WGSL. Salinity measurements of ocean water along this stretch of coastline 

performed by the USGS and TNWRE in 1991 are consistent with major 

discharge of fresh groundwater in this area (RUST, September 1993, 1997; Earth 

Tech, 2006). Figure 3 shows an aerial photo of the general vicinity of the WGSL 

with approximate groundwater elevations at wells. This data supports a general 

northwest direction of groundwater flow toward the Kahe Beach coastline.

In the upper portion of the WGSL, a few near-vertical, north-northwest trending 

basaltic dikes have been mapped that cross cut the sequence of lava flows. 

Additional investigation is in progress to evaluate the potential influence of the 

dikes on groundwater flow in the upper portion of the WGSL. However, as stated 

earlier, all the dikes are up-canyon from the existing leachate collection sumps, 

so even if the dikes are barriers to groundwater flow they do not influence 

monitoring of groundwater for detection of potential leaks from the existing 

leachate collection sumps within the existing landfill footprint.

1.5.1 Hydrogeochemistry  

The inorganic geochemistry of groundwater beneath the WGSL is fairly complex, 

reflecting both the facility’s coastal location and its proximity to the coastal cap 

rock. Groundwater monitoring wells at the WGSL are screened within a 

transitional groundwater zone in which there is mixing between freshwater and 

seawater. Groundwater from each of the WGSL monitoring wells is a sodium-

magnesium-calcium-chloride (Na-Mg-Ca-Cl) type water which generally reflects 

this mixing of freshwater and seawater. Total dissolved solid (TDS) 

concentrations in Monitoring Wells 03M and 07 are consistently lower than TDS 
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concentrations in Monitoring Well 02M, a condition that is also consistent with the 

facility’s position within the coastal transition zone. The relative percentage of 

dissolved calcium in groundwater from Monitoring Well 02M is slightly higher than 

that in groundwater from Monitoring Wells 07 and 03M. This is likely related to 

the fact that Monitoring Well 02M is located nearer the cap rock (primarily 

calcium carbonate) than are Monitoring Wells 07 and 03M.

The most comprehensive study of groundwater chemistry was conducted in 1992 

(by the former Waste Management Environmental Monitoring Laboratory in 

Geneva, Illinois). The purpose of that study was to establish the degree of 

hydraulic continuity across the WGSL and to further establish if the groundwater 

on either side of the dikes was hydraulically connected. The results of the 

geochemical study were consistent with little to no barrier to lateral groundwater 

flow between the downgradient edge of the landfill and the ocean west of the 

WGSL. This is further corroborated through the results of the tidal study 

described above which show hydraulic continuity between all monitoring wells at 

the WGSL with the sea. This also is consistent with the concept of transition-

zone groundwater (RUST, 1997).

2. GROUNDWATER MONITORING 

2.1 Groundwater Monitoring Network  

Detection monitoring wells installed for the WGSL were located using previous 

flow direction information to better target the primary points of leachate 

accumulation (leachate sumps). An appropriate groundwater detection 

monitoring network can be designed based on flow direction and velocity 

information.

Water levels in monitoring wells at the WGSL are tidally influenced. The results 

of a tidal study conducted in November 2006 (Geosyntec, 2006) indicate 

groundwater flow to the northwest in the immediate vicinity of the WGSL. 

Historical elevations in the HECO wells indicate a water table elevation 
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approximately 2-3 feet lower than the WGSL wells, suggesting a westerly 

groundwater flow direction on a local-regional scale. 

The gradient calculated using the groundwater elevation data collected during the 

November 2006 tidal study is about 0.0003 foot/foot (approximately 1.5 feet/mile) 

to the northwest. This value is consistent with the hydraulic gradient for dike-free 

lava flows, typically about 1 foot per mile, and indicates that groundwater flow in 

the lower part of the WGSL is not significantly affected by dikes. Groundwater 

velocity is calculated using the equation V= Ki/n, where K = hydraulic 

conductivity, i = hydraulic gradient, and n = effective porosity. Hydraulic 

conductivities in basaltic lavas on Oahu typically range between 1,000 and 2,000 

ft/d for dike-free lavas with a value of 1,500 to 2,000 ft/d commonly used in 

analytical and numerical groundwater models (Mink, 1980; Oki, 1997).  Using a K 

value of 1,500 ft/day, a gradient of 0.0003 ft/ft, and an effective porosity of 0.20, 

the groundwater velocity is calculated to be approximately 2.3 ft/day. 

The current groundwater monitoring network includes five monitoring wells 

around the toe of the WGSL (02M, 03M, 07, MW-10, and MW-11). Locations of 

the five monitoring wells are shown on Figure 2.  Based on the calculated 

groundwater flow directions and velocity, the existing monitoring wells are 

sufficient for monitoring potential impacts to groundwater downgradient of the toe 

of the WGSL, and the ash monofill sump in cell 8. Monitoring well 07 is located 

west of the MSW Cell E-1 Sump and the MSW Cell 4B Sump. Based on a 

westerly flow direction, this well is downgradient of the sumps. Based on a 

northwesterly flow direction, this well is cross-gradient to down-gradient of the 

sumps. As discussed above in Section 1.5.1, Hydrogeochemistry, above, the 

apparent northwestward flow toward monitoring well 07 may be a consequence 

of local recharge associated with the surface water detention pond elevating 

water levels in monitoring wells 02M and 03M.

Results of the long-term monitoring of the WGSL monitoring wells (currently 

equipped with pressure transducers and data loggers) will be used to continue 
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assessment of fluctuations in groundwater flow direction and gradient to further 

evaluate if the current monitoring network is sufficient for long-term detection 

monitoring.

2.2 Groundwater Monitoring Parameters 

Chapter 11-58.1, HAR, (1) requires that MSW landfills routinely monitor 

groundwater for the 15 metals and 47 volatile organic compounds (VOC) listed in 

Appendix I of Chapter 11-58.1. This is the same list of monitoring parameters 

contained in the Federal Subtitle D regulations (40 CFR Part 258, Appendix I) 

and, in addition to containing an excessively large number of parameters, also 

contains several parameters (i.e., the 15 metals) which are generally viewed as 

ineffective monitoring parameters because of their limited mobility in most 

subsurface environments. The EPA intended the Appendix I analytes to be 

default parameters for use in those states which have not yet obtained Subtitle D 

authorization. Through 40 CFR Part 258.54 (a)(1) and (2), the EPA has provided 

authorized states, such as Hawaii, the flexibility to approve alternative lists of 

site-specific monitoring parameters. This flexibility, specifically outlined in 

Chapter 11-58.1 subsections (1)(A) and (B), HAR, has been reflected in the 

development of previous groundwater monitoring programs for the WGSL (e.g., 

RUST, 1997).

Accordingly, the groundwater monitoring program describes the approach for 

selecting an updated alternative list of site-specific groundwater monitoring 

parameters for use during detection monitoring at the WGSL, and incorporates 

the approximate 10 years of additional monitoring data collected since the 

preparation of the previous WGSL groundwater monitoring program (RUST, 

1997).
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2.2.1 Site-Specific Detection Monitoring Selection Strategy 

It is widely accepted that a combination of volatile organic compounds (VOCs) 

plus selected general water quality parameters will typically provide the most 

reliable monitoring parameters for most MSW landfills. VOCs in particular can be 

highly effective parameters for providing an early indication of a potential release 

from a landfill because they are: (1) rarely detected in background groundwater 

samples; (2) detected more frequently than any other class of organic 

compounds in solid waste landfill leachate (Cravy et al., 1990; Plumb, 1991); and 

(3) are analytically sensitive (i.e., they can be detected at extremely low 

concentrations); and (4) are relatively mobile in the groundwater system. 

Although commonly present in MSW landfill leachate, semi-volatile organic 

compounds (SVOCs), as a group, are significantly less mobile than VOCs in 

most subsurface environments and do not typically provide for substantial 

additional monitoring benefits. 

The above strategy (i.e., VOCs in conjunction with a short list of water quality 

parameters) has been implemented as a part of previous WGSL groundwater 

monitoring programs (e.g., RUST, 1997) and is consistent with the monitoring 

parameter selection strategy outlined in the Guidance Document. This 

groundwater monitoring program for WGSL reaffirms this strategy but provides a 

re-evaluation of water quality monitoring parameters using updated groundwater 

and leachate monitoring data.

The VOCs listed in Appendix I of Subtitle D, which have been monitored in 

accordance with the previous WGSL monitoring program (RUST, 1997) will 

continue to be routinely monitored. 

2.2.2 Water Quality Monitoring Parameters 

Water quality monitoring parameters are those parameters that occur naturally in 

groundwater and for which a background concentration must be established in 
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order to provide an indication of a possible leachate release. For detection 

monitoring purposes, the use of the minimum number of effective water quality 

monitoring parameters is always the most effective approach over utilization of a 

very long list of monitoring parameters, such as the list of metals in Appendix I or 

a generic list of cations, anions, and other common parameters such as TDS. 

This is true because of the direct relationship between the number of statistical 

comparisons performed during each sampling event and the resulting false 

positive error rates. For example, if a given detection monitoring program 

consists of 5 wells each of which is sampled for 20 parameters (i.e., 100 

statistical decisions per monitoring event), even using a very low error rate (e.g., 

0.01, or 1%), it would yield one false positive result every sampling event. The 

larger the number of statistical decisions that are performed each sampling 

event, the higher (i.e., less conservative) the associated statistical limit must be 

in order to avoid excessively high false positive results.

The selection of a list of alternative monitoring parameters for the WGSL is 

based on actual site conditions and involves a detailed evaluation of available 

site-specific groundwater and leachate data which, at the WGSL, now contains 

extensive long-term data Geosyntec 2006). Using the strategies outlined in the 

State of Hawaii Guidance Document, the first step is to identify those water 

quality parameters whose concentration in leachate are significantly higher than 

in groundwater, in order to account for dilution and attenuation processes. The 

resulting list of potential monitoring parameters is then refined further by 

identifying and removing parameters that provide substantially redundant 

coverage (e.g., monitoring for both electrical conductivity and TDS). From the 

remaining parameters, those anticipated to provide the earliest and most reliable 

indication of a release are selected as detection monitoring parameters for 

statistical evaluation purposes. This determination is based on the relative 

mobility of the constituents, the detectability of each parameter using existing 

analytical methods, the likelihood of false positive results associated with each 

parameter, as well as any changes in the parameter that might be expected 
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during its migration through the unsaturated and saturated zones beneath the 

facility (e.g., due to changes in pH or redox conditions).

The Guidance Document suggests that potential detection monitoring 

parameters first be screened by calculating the concentration contrast between 

leachate and groundwater.  As noted in the Guidance Document, a potentially 

effective monitoring parameter would exhibit a concentration in leachate at least 

5 times greater than the upper background limit in groundwater. Note that a 

leachate-groundwater contrast of 5 times is considered highly conservative 

based on EPA guidance, which identifies typical useful leachate-groundwater 

contrast for potentially useful indicator parameters of at least 10 to 20 times 

(EPA, 1996). If insufficient contrast exists for a specific parameter (i.e., the 

leachate concentration is consistently at or below the background groundwater 

limit), then that parameter is eliminated from further consideration for detection 

monitoring.

Table 3 summarizes the leachate-groundwater concentration contrast values for 

various inorganic and water quality parameters for the WGSL. These values 

were calculated by dividing the background concentrations using statistical 

prediction limits for pooled data from groundwater monitoring wells 02M, 03M, 

and 07 into maximum leachate values in the WGSL database (through the first 

half of 2005). The groundwater data was pooled in order to provide sufficient 

data for statistical calculations and it is assumed that the data is representative of 

background conditions (i.e., no leachate impact). This is a reasonable 

assumption given that no inorganic leachate impact is indicated in the WGSL 

monitoring wells, as described in the routine monitoring reports.  Furthermore, 

numerous monitoring parameters are viable due to the large contrast between 

concentrations of chemicals in leachate and groundwater at the WGSL facilitates.
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Table 3: Leachate - Groundwater Concentrations Contrasts 
Waim nalo Gulch Sanitary Landfill 

The contrast values shown on Table 3 range over several orders of magnitude 

and can be categorized as follows: 

Analyte of Interest

Leachate Pt.

Exhibiting Max.

Concentration of

Analyte of Interest
[1]

Date of Max.

Leachate

Concentration
[1]

Maximum Leachate

Concentration

Groundwater

Background

Concentration
[2]

Units
Leachate/

Groundwater Ratio

Sulfide All 5/6/2005 ND
[3]

0.05 mg/L NM
[4]

Cyanide, total ASHMH 12/15/1998 0.022 0.02 mg/L 1.1

Iron* MSWLS2 12/20/2004 780 636 ug/L 1.2

Sulfate ASHMH 5/6/2005 890 514 mg/L 1.7

Arsenic* MSWLS2 12/20/2004 37 10.0 ug/L 3.7

Magnesium* ASHMH 12/15/1998 3390 793.9048 mg/L 4.3

Beryllium* MSWLS2 12/20/2004 26 5.0 ug/L 5.2

Alkalinity (as caco3) MSW-LSE1 5/6/2005 1800 288 mg/L 6.3

Specific conductance field ASHMH 12/15/2002 91000 13047.5 umhos/cm 7.0

Cobalt* MSWLS2 12/20/2004 420 50.0 ug/L 8.4

Thallium* ASHMH 12/29/1999 146 10.0 ug/L 15

Vanadium* MSWLS2 12/20/2004 1000 50.0 ug/L 20

Chloride ASHMH 12/26/2000 100000 4510 mg/L 22

Solids, total dissolved ASHMH 12/14/2001 185000 7891.257 mg/L 23

Calcium* ASHMH 12/26/2000 21400 816.558 mg/L 26

Nickel* MSWLS2 12/20/2004 1700 51.2 ug/L 33

Selenium-dissolved ASHMH 5/6/2005 180 5.0 ug/L 36

Chemical oxygen demand ASHMH 12/20/2004 5900 160.4427 mg/L 37

Mercury* ASHMH 12/20/2004 8.7 0.20 ug/L 44

Sodium* ASHMH 12/20/2004 51000 1108.4675 mg/L 46

Barium* ASHMH 12/15/1998 11700 200 ug/L 59

Nitrogen, total kjeldahl ASHMH 4/3/1996 84.4 1.0 mg/L 84

Chromium* MSWLS2 12/20/2004 1000 10.0 ug/L 100

Bromide ASHMH 12/26/2000 2270 22.1772 mg/L 102

Lead* ASHMH 12/20/2004 630 5.0 ug/L 126

Zinc* MSWLS2 12/20/2004 2700 20.0 ug/L 135

Copper* ASHMH 12/20/2004 4900 25.0 ug/L 196

Total organic carbon ASHMH 12/20/2004 2300 7.3 mg/L 315

Potassium* ASHMH 12/29/1999 17800 38.3028 mg/L 465

Cadmium* ASHMH 12/20/2004 2400 5.0 ug/L 480

Manganese* DET-POND 5/20/2005 31 0.0522 mg/L 594

Nitrogen, nitrate DET-POND 4/27/2005 5880 7.52 mg/L 782

Nitrogen, ammonia DET-POND 4/27/2005 646 0.24 mg/L 2692

Notes:
[1]

 based on data through the first half of 2005
[2]

 based on statistical prediction limit of background data set through the first half of 2005
[3]

ND = analyte not detected in any leachate samples
[4]

NM = ratio not meaningful because leachate data sets contain no detections of this parameter

* Note that contrast evaluation compares the "total" concentration of a metal in leachate to the "dissolved" concentration in groundwater
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Leachate/Groundwater = <10: 

 Arsenic  Alkalinity 

 Beryllium  Cobalt 

 Cyanide, total  Iron 

 Magnesium  Specific conductance field 

 Sulfate  Leachate/Groundwater = 10 to 99: 

 Barium  Calcium 

 Chloride   Chemical oxygen demand 

 Mercury  Nickel 

 Selenium  Nitrogen, total Kjeldahl 

 Sodium  Solids, total dissolved 

 Thallium  Vanadium 

Leachate/Groundwater = 100 to 999: 

 Bromide  Cadmium 

 Chromium  Copper 

 Lead  Manganese 

 Nitrogen, nitrate  Potassium 

 Zinc   Total organic carbon 

Leachate/Groundwater = >1000 

 Nitrogen, ammonia 

Because of groundwater flow conditions at the WGSL, the latter two groups with 

leachate-groundwater concentration contrasts on the order of 100 to 1,000 are of 

particular interest in the process of identifying potentially useful site detection 

monitoring parameters and are further evaluated below. 

In the group with contrast values between 100 and 999, the trace metals 

cadmium, chromium, copper, lead, manganese, and zinc are eliminated from 

consideration due to mobility considerations. Several processes interact to 

influence the transport of metals in the leachate-soil-groundwater system, 
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including complexation reactions, oxidation/reduction processes, and reactions 

that result in the removal of metal ions from liquid such as adsorption and 

precipitation. It is widely recognized that, due to the positive charge of metal ion 

species, adsorption of metals onto negatively charged clay mineral or organic 

matter is an important limiting process with respect to metals mobility in this 

environment. A cation with greater valence state is adsorbed more strongly that a 

cation with a lower valence state and, for a given valence state, the cation with 

the smallest radius is adsorbed more strongly than a cation with a large radius.

Trace metals, therefore, can be expected to be adsorbed more strongly than the 

major metals, such as sodium, potassium, calcium, and magnesium, all of which 

possess relatively large atomic radii and relatively low valence states. Based on 

these factors, cadmium, chromium, copper, lead, manganese, and zinc are 

unlikely to provide effective indication of a release from the waste management. 

Additionally, bromide is excluded from further consideration due to its association 

with seawater, which is known to influence site groundwater chemistry (Section

1.3).  Therefore, Total organic carbon (TOC), potassium, and nitrate as nitrogen 

are considered potentially effective indicators of site leachate. However, for 

detection monitoring purposes at the WGSL, chemical oxygen demand (COD) is 

selected as a replacement for TOC, in spite of its lower concentration contrast. 

Both COD and TOC are gross-scale measures of the organic carbon content of 

water and a strong positive statistical correlation between TOC and COD is 

evident in site leachate. The WGSL’s previous monitoring program incorporated 

COD as a detection monitoring parameter. Therefore, significantly more recent 

background data exist for COD in the WGSL database, thereby facilitating 

statistical analysis. 

Ammonia-nitrogen exhibits a relatively large leachate-groundwater concentration 

contrast (approximately 2,700). Clearly, this parameter is highly concentrated in 

site leachate relative to groundwater. However, ammonia-nitrogen is most mobile 

under relatively strongly reducing and/or acidic conditions. Groundwater 
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conditions at WGSL are such that rapid oxidation and rapid neutral pH buffering 

can be expected. These effects would serve to limit the mobility of ammonia-

nitrogen upon release to the groundwater system. Therefore, ammonia-nitrogen, 

in spite of its large contrast value, would be expected to be a less effective 

detection monitoring parameters than COD, potassium, and nitrate. 

2.2.3 Supplemental Geochemical Parameters 

In addition to the use of VOCs, COD, potassium, and nitrate as detection 

monitoring parameters, the WGSL also incorporates analysis of supplemental 

geochemical parameters into the routine monitoring program. These 

supplemental geochemical parameters augment the site-specific detection 

monitoring parameters such that the general chemical nature of groundwater can 

be further characterized and potential mechanisms affecting water quality (both 

natural and man-made) can be better understood and evaluated. The 

supplemental parameters will not be evaluated statistically. However, they can, 

on an as-needed basis, provide critical data for evaluating data reliability and 

potential changes in groundwater quality without affecting the site-wide false-

positive statistical error rate. The following supplemental geochemical 

parameters are to be analyzed in conjunction with routine detection monitoring 

parameters during each monitoring event: 

 Total Alkalinity (reported as bicarbonate and carbonate) 

 Bromide 

 Chloride 

 Sulfate 

 Dissolved Calcium, Magnesium, Potassium, Sodium 

 Total Dissolved Solids 
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2.2.4 Summary of Site-specific Detection Monitoring and Supplemental 
Parameters

The updated detection monitoring parameters for use in detection monitoring at 

the WGSL are summarized in Table 4. Concentration limits using both statistical 

and non-statistical methods, as appropriate, will be established for each of the 

detection monitoring parameters (as described in Section 4.0). In addition to 

routine analysis of the detection monitoring parameters, the supplemental 

geochemical parameters listed in Table 4 will also be analyzed during each 

routine monitoring event. These supplemental monitoring parameters are 

collected for geochemical informational purposes and are not subject to statistical 

analysis or other compliance-related evaluation. 

As additional leachate data is generated throughout the course of landfill 

operations, the detection monitoring parameter list will be re-evaluated and 

updated as required. If parameters are added to the routine detection-monitoring 

list, background concentrations will be determined using appropriate statistical 

methods and added to the long-term monitoring program after the changes are 

approved by the DOH.

2.3 Groundwater Monitoring Schedule 

Groundwater monitoring will be performed each quarter for recently installed 

wells MW-10 and MW-11 until a minimum of 8 background data sets are 

obtained to facilitate statistical evaluation (i.e., quarterly for a minimum of two 

years). Quarterly monitoring will continue at monitoring wells 02M, 03M, and 07 

for two years. If appropriate and approved by DOH, and following statistical 

evaluation of two years of quarterly data from the five monitoring wells, the 

monitoring frequency will decrease from quarterly to semiannually. 



WGSL Hydrogeologic Setting and Groundwater Monitoring Page 22 

Table 4: Detection Monitoring Parameters 
Waim nalo Gulch Sanitary Landfill 

Constituents Frequency Locations

GROUNDWATER

Detection Monitoring Parameters Quarterly Wells:  02M, 03M, 07, MW-10 and MW-11

Volatile Organic Compounds (VOCs) -- EPA 8260B Parameters

Chemical Oxy. Demand; Potassium, dissolved; Nitrate-N

Supplemental Monitoring Parameters Quarterly Wells:  02M, 03M, 07, MW-10 and MW-11

Total Alkalinity (reported as bicarbonate and carbonate)

Bromide; Chloride; Sulfate; Dissolved Calcium;

Dissolv. Magnesium; Dissolv. Sodium; Total Dissolv. Solids

Groundwater Characterization Parameters Once, upon installation MW-10 and MW-11 first event; any newly installed wells

(1) detection monitoring parameters, above 

(2) supplemental geochemical parameters, above 

(3) Subtitle D Appendix II parameters, below

17 "dissolved" trace metals: Sb, As, Ba, Be, Cd, Cr, Co, Cu, Pb,

Hg, Ni, Se, Ag, Tl, Sn, V, Zn

Cyanide, total; Total Sulfide; Semivolatile Organic

Compounds; Pesticides; Herbicides; PCBs

LEACHATE

Routine Leachate Monitoring Parameters Annually
Ash monofill (Cell 8 Sump), MSW Cell E-1 Sump, MW Cell 4B

Sump

Total Alkalinity (reported as bicarbonate and carbonate);

Bromide; Chloride; Sulfate; Calcium, total; 

Magnesium, total; Potassium, total; Sodium, total;

Total Dissolved Solids; Chemical Oxygen Demand;

Nitrate-N; VOCs (EPA Method 8260B analytes)

Non-Routine Leachate Characterization Parameters Biennially
Ash monofill (Cell 8 Sump), MSW Cell E-1 Sump, MW Cell 4B

Sump, plus any newly sampled leachate locations

17 "total" trace metals: Sb, As, Ba, Be, Cd, Cr, Co, Cu, Pb, Hg,

Ni, Se, Ag, Tl, Sn, V, Zn

Cyanide, total; Total Sulfide; Semivolatile Organic

Compounds; Pesticides; Herbicides; PCBs

Major cations and anions (covered by routine monitoring, 

above) – (Mg, Na, Ca, K, Cl, carbonate, sulfate, and 

bicarbonate)

Major leachate indicators (partially covered by routine 

monitoring, above) – (TDS, TOC, Total Alkalinity, 

Nitrogen–Ammonia, Cl, Fe)

Field measurements (performed in accordance with Sampling 

and Analysis procedures in Section 5.0) – (electrical 

conductance, pH, temperature, and turbidity)
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3. LEACHATE MONITORING 

Leachate monitoring has been performed on a routine basis at the WGSL in 

accordance with the WGSL solid waste operating permit and with previous site 

monitoring programs (e.g., RUST 1997). Currently, monitoring is conducted 

pursuant to the Monitoring Plan, the Groundwater, Surface Water, and Leachate 

Sampling Guide (WMI 2000), and the DOH letter request (DOH 2005). 

Monitoring is conducted quarterly and reported along with groundwater 

monitoring (e.g. Earth Tech, 2006). 

3.1 Leachate Monitoring System 

Leachate samples will be routinely collected to augment the database of potential 

source information and to evaluate the suitability of site monitoring parameters. 

Sampling of the following leachate monitoring locations (see Figure 1) is 

proposed on an annual basis:

 Ash monofill (Cell 8 Sump) 

 MSW Cell E-1 Sump 

 MW Cell 4B Sump (pending DOH approval and installation) 

3.2 Leachate Monitoring Parameters 

Routine leachate monitoring parameters will consist of the same parameters 

used for groundwater detection monitoring and the supplemental geochemical 

parameters including:

 Total Alkalinity (reported as bicarbonate and carbonate) 

 Bromide; Chloride; Sulfate 

 Calcium, total 

 Magnesium, total 

 Potassium, total 

 Sodium, total 

 Total Dissolved Solids 
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 Chemical Oxygen Demand 

 Nitrate-N 

 VOCs (EPA Method 8260B analytes) 

Note that leachate samples are not filtered and, therefore, the major cations are 

shown as “total” for leachate (as opposed to “dissolved” for groundwater). 

In addition to the above routine parameters, leachate samples collected from 

new leachate locations, and leachate samples collected from existing locations 

every two years (biennial characterization) will be analyzed for the following 

Subtitle D Appendix I parameters and “leachate indicators”, per the Guidance 

Document:

 17 trace metals (Sb, As, Ba, Be, Cd, Cr, Co, Cu, Pb, Hg, Ni, Se, Ag, 

Tl, Sn, V, Zn) plus cyanide and sulfide 

 Semivolatile Organic Compounds  

 Pesticides  

 Herbicides  

 PCBs 

 Major cations and anions (covered by routine monitoring, above) – 

(Mg, Na, Ca, K, Cl, CO3, SO4, HCO3) 

 Major leachate indicators (partially covered by routine monitoring, 

above) – (TDS, TOC, Total Alkalinity, Nitrogen–Ammonia, Cl, Fe) 

 Field measurements (performed in accordance with Sampling and 

Analysis procedures in Section 5.0) – (electrical conductivity, pH, 

temperature, and turbidity) 

4. DATA EVALUATION METHODS 

The following subsections describe the criteria by which groundwater data will be 

evaluated at the WGSL for detection monitoring purposes. These criteria 

represent a conservative approach to groundwater analysis and incorporate 
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state–of–the–practice statistical and other evaluation methodologies consistent 

with the Guidance Document. 

4.1 Statistical Methodology for Evaluation of Inorganic Parameters 

Consistent with the existing groundwater monitoring program at the WGSL, an 

intra-well monitoring strategy using Shewhart-CUSUM control charts will be used 

for routine detection monitoring.  Shewhart-CUSUM control charts (Gibbons, 

1992; Gibbons 1994) are particularly effective in this capacity because they are 

capable of detecting both sudden and gradual changes in groundwater 

chemistry. Combined Shewhart–CUSUM control charts will be constructed for 

each well where intra-well monitoring is performed to provide a statistical and 

visual tool for detecting trends and abrupt changes in inorganic groundwater 

chemistry.  The combined Shewhart–CUSUM procedure assumes that the data 

are independent and normally distributed. The most important assumption is 

independence (Gibbons, 1994). Therefore, care should be taken to never sample 

wells more frequently than sample independence can be demonstrated based on 

site–specific hydrogeological factors.  The assumption of normality is somewhat 

less of a concern because the data can usually be adequately transformed for 

most applications.  Non-detects (NDs) can be replaced by one–half of the PQL 

without serious consequence, although this procedure should be applied only to 

constituents that are detected in at least 25% of all samples.  For data sets with 

less than 25% detected values in the background data set, non-parametric 

prediction limits will be used in lieu of Shewhart-CUSUM control charts.

Intra-well monitoring is always the preferred approach for wells not already 

impacted by inorganic waste constituents because it eliminates the spatial 

component of chemistry variability from the statistical evaluation.  No impact from 

inorganic waste constituents has been identified to date in WGSL groundwater.

A statistically significant trend in sodium concentrations exhibited by well 03M, as 

reported in 2004 was demonstrated to be unrelated to impact from the facility (A-

Mehr, 2004). 
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For intrawell comparisons, a minimum of eight background samples (i.e., from 

each well in the monitoring program) is required for parametric (i.e., Shewhart-

CUSUM) tests and 13 background samples for nonparametric (i.e., Prediction 

Limit) tests.  Additional discussion of intrawell monitoring can be found in 

Gibbons (1987a, 1987b, 1990, and 1994).   Statistical evaluation of groundwater 

monitoring data will be performed using DUMPStatTM statistical modeling 

software, developed consistent with USEPA and ASTM guidance on groundwater 

monitoring at Subtitle D and Subtitle C facilities (Gibbons and Discerning 

Systems, 1994; www.discerningsystems.com). 

4.2 Non-Statistical Methodology for Evaluation of VOCs 

VOCs have been demonstrated to be effective indicators of a release from MSW 

landfills. However, because these compounds are rarely naturally detected in 

background groundwater samples, establishing monitor well–specific limits for 

VOCs is generally not an option. Therefore, a detection monitoring decision rule 

based on laboratory–specific practical quantitation limits (PQL) will be used to 

identify a statistically significant monitoring result with respect to VOCs.

It is generally accepted that when a landfill facility actually produces a leachate 

release to groundwater, multiple constituents contained in the leachate are 

associated with the source fluids and are subsequently detected by the 

groundwater monitoring program. A single constituent at very low concentration 

(i.e. below the PQL) typically is not the signature that is produced from an actual 

release.  The calculation of laboratory–specific PQLs (Gibbons, et al., 1992) 

already incorporates a measure of the statistical uncertainty that is associated 

with the measurement process. Therefore, any VOC detected and verified at a 

concentration above the PQL would be statistically significant, and would 

therefore trigger assessment monitoring (or an alternative source demonstration 

if the detection is unrelated to a release from the landfill). This decision rule only 
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applies in cases where the constituent has rarely, or never, been detected in 

background samples. 

PQLs assure that the quantitative value of the analyte is close to the measured 

value. Method detection limits (MDLs), on the other hand, indicate that the 

analyte is present in the sample with a specified degree of confidence (Gibbons 

et al., 1991).  For analytes with estimated concentrations greater than the MDL 

but not the PQL, it can only be concluded that the true concentration is greater 

than zero; the actual concentration cannot be determined. The actual 

concentration of an analysis result between the PQL and the MDL (often referred 

to as a “trace” result or a “J-flagged” result) may actually be less than the MDL. 

Therefore, comparison of a detected concentration to a maximum contaminant 

level (MCL), or any other concentration limit, is not meaningful unless the 

concentration is greater than the PQL. 

Although the use of VOC results reported between the MDL and PQL is not 

appropriate for use in the decision rule, such trace/J-flagged results can be used 

to guide further investigation in the event that long-term, repeatable trace/J-

flagged results are observed, such as the recent case with WGSL well 07; in that 

case, repeatable trace detections of VOCs were the basis for initiating further 

study that resulted in the identification of a probable non-landfill source 

(GeoChem Applications, 2005). 

4.3 Detection Verification Procedure 

If groundwater analysis results have been collected, checked for quality 

assurance and quality control (QA/QC) consistency and are determined to be 

above the appropriate statistical level (i.e., the Shewhart-CUSUM control chart 

limit or non-parametric prediction limit for inorganic monitoring parameters, or the 

PQL for one or more VOCs), the results should be verified in accordance with the 

objectives of 40 CFR Part 258.53 and HAR Chapter 11-58.1.
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Verification resampling is an integral part of the statistical methodology described 

by the USEPA's Addendum to Interim Final Guidance Document – Statistical 

Analysis of Groundwater Monitoring Data at RCRA Facilities (July 1992). Without 

verification resampling, much larger statistical limits would be required to achieve 

site–wide false positive rates of 5% or less. Furthermore, the resulting false 

negative rate would be greatly increased. For the WGSL groundwater detection 

monitoring program, the following procedure will be performed for each 

compound determined to initially be above its statistical limit.  Note that only 

those compounds that initially exceed their statistical limit should be sampled for 

verification purposes; otherwise, an unacceptably high false-positive error rate 

can be expected (e.g., if PCE is the only compound detected during an EPA 

Method 8260B scan, then only PCE is targeted and reported by the laboratory 

during the retest). 

Volatile Organic Compounds 

If one or more VOCs is/are detected above statistical limit(s) (i.e., PQL), one 

immediate resample and analysis should be conducted. A statistical exceedance 

will be recorded and assessment monitoring initiated if any single VOC is 

measured above the PQL in the verification resample, or an alternative source 

demonstration may be performed if the exceedance is not anticipated to be 

associated with a release from the facility. 

Inorganic Constituents 

If one or more of the inorganic parameters are detected above their statistical 

limit (i.e., Shewhart–CUSUM control chart limit or non-parametric Prediction 

Limit), one verification resample will be collected at the next scheduled sampling 

event. A statistical exceedance will be recorded and assessment monitoring 

initiated if verification of an elevated parameter is confirmed for one discrete 

verification resample, or an alternative source demonstration performed if the 

exceedance is not a result of a release from the facility 
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5. FIGURES 

See attached figures referenced in this document: 

 Figure 1 - Well Location Map 

 Figure 2 - Near Vertical Dikes in the Vicinity of  

 Waim nalo Gulch Sanitary Landfill

 Figure 3 - Approximate Water Table Elevation,  

 WGSL and Vicinity 
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