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Executive Summary

This report covers the calendar year of 2006 (January 1 through December 31). The U.S.
Department of Energy (DOE) Office of Legacy Management (LM) is responsible to implement
the final response action selected in the Final Corrective Action Decision/Record of Decision
(CAD/ROD) issued September 29, 2006, for the Rocky Flats Site (RFS). Prior to the CAD/ROD,
cleanup and closure activities in accordance with the requirements of the Rocky Flats Cleanup
Agreement (RFCA) were completed by the DOE Office of Environmental Management.

Under the CAD/ROD, two Operable Units (OUs) were established within the boundaries of the
Rocky Flats property: the Peripheral OU (POU) and the Central OU (COU). The COU
consolidates all areas of the site that require additional remedial/corrective actions, while also
considering practicalities of future land management. The POU includes the remaining, generally
unimpacted portions of the site, and surrounds the COU. The response action in the final
CAD/ROD is no action for the POU, and institutional and physical controls with continued
monitoring for the COU.

The Rocky Flats Legacy Management Agreement (RFLMA) will supersede RFCA. The purpose
of RFLMA isto establish the regulatory framework for implementing the CAD/ROD final
response action and ensuring that it remains protective of human health and the environment. As
of December 31, 2006, the Draft RFLMA was issued for public review and comment prior to
regulatory approval, but this report assumes the activities covered under this report will not
significantly change in the final RFLMA.

Therefore, this report includes the results of surveillance and maintenance activities conducted
under RFCA and subsequently conducted under the CAD/ROD and the Draft RFLMA. These
surveillance and maintenance requirements include environmental monitoring; maintenance of
the erosion controls, access controls (fences), landfill covers, dams, and ground water treatment
systems; and operation of the ground water treatment systems.

This report includes all data evaluation as required by the 2006 RFCA Integrated Monitoring
Plan, which underwent revision during this period (DOE 2006c¢, 2006d). For water monitoring,
data evaluation is limited to those locations that remained after the CAD/ROD as part of the LM
water-monitoring network.

Highlights of the monitoring, surveillance, and maintenance activities are as follows:

. Surface water flow volumes show expected reductions resulting from land configuration
changes and removal of impervious surfaces. Surface water hydrologic data are
summarized in Section 2.2.

. Surface-water monitoring at the Present Landfill Treatment System showed several
analytes as periodically above applicable standards. These events have been discussed with
the regulators and documented in contact records (Section 2.8).

. Point of Evaluation (POE) location GS10 continued to show reportable values for total
uranium. Evaluation has suggested that these reportable values are a due to changesin
hydrologic conditions resulting in ground water with naturally occurring uranium making
up alarger proportion of streamflow at GS10. All other POEs and all other analytes at
GS10 showed acceptable water quality for the entire year (Section 2.9).
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. All surface-water Points of Compliance showed acceptable water quality for the entire year
(Section 2.10).

. All other surface-water monitoring showed acceptable water quality (various subsections
in Section 2).

. Ground water quality and flow at the RFS was generally consistent with previous years.
Ground water contaminant plumes and ground water flow conditions are discussed in
Section 3.

. Three of the four ground water treatment systems at the RFS underwent more intensive
maintenance in 2006, including installation of automated instrumentation at the East
Trenches Plume Treatment System and the Mound Site Plume Treatment System, media
replacement at the Mound Site Plume Treatment System, and plumbing repairs at the Solar
Ponds Plume Treatment System. These activities restored water treatment at the Mound
and Solar Ponds systems, and allow enhanced maintenance and system performance at the
Mound and East Trenches systems. Section 3 addresses these activities and water quality at
the systems.

. The annual data quality assessment showed that the Site continues to collect high quality
data sufficient for decision making (Section 4).

. Air quality monitoring was consistent with previous years and continued to show low
emissions (Section 5).

. All required ecological data collection, analysis, and reporting was completed as scheduled
(Section 6).

. Section 7 includes descriptions of Site operations and maintenance including inspections,
issue resolution, facility upgrades, specia projects, and significant events.
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1.0 Introduction

As of the issuance of this report, the U.S. Department of Energy (DOE) Office of Legacy
Management (LM) is responsible to implement the final response action selected in the Final
Corrective Action Decision/Record of Decision (CAD/ROD) (EPA 2006) issued

September 29, 2006, for the Rocky Flats Site. Prior to the CAD/ROD, cleanup and closure
activities in accordance with the requirements of the Rocky Flats Cleanup Agreement (RFCA)
(CDPHE et al. 1996) were completed by the DOE Office of Environmental Management. This
report describes environmental monitoring, maintenance, and associated operations that were
conducted during the period January 1 through December 31, 2006 (CY 2006).

Under the CAD/ROD, two Operable Units (OUs) were established within the boundaries of the
Rocky Flats property: the Peripheral OU (POU) and the Central OU (COU). The COU
consolidates all areas of the site that require additional remedial/corrective actions, while also
considering practicalities of future land management. The POU includes the remaining, generally
unimpacted portions of the site, and surrounds the COU. The response action in the final
CAD/ROD is no action for the POU, and institutional and physical controls with continued
monitoring for the COU.

The Rocky Flats Legacy Management Agreement (RFLMA) will supersede RFCA. The purpose
of RFLMA is to establish the regulatory framework for implementing the CAD/ROD final
response action and ensuring that it remains protective of human health and the environment. As
of December 31, 2006, the Draft RFLMA was issued for public review and comment prior to
regulatory approval, but this report assumes the activities covered under this report will not
significantly change in the final RFLMA.*

Therefore, this report includes the results of surveillance, including water monitoring, and
maintenance activities conducted under RFCA and subsequently conducted under the CAD/ROD
and the Draft RFLMA. These surveillance and maintenance requirements include environmental
monitoring; maintenance of the erosion controls, access controls (fences), landfill covers, dams,
and ground water treatment systems; and operation of the ground water treatment systems.

This report includes all data evaluation as required by the 2006 RFCA Integrated Monitoring
Plan (IMP), which underwent revision during this period (DOE 2006¢, 2006d). For water
monitoring, data evaluation is limited to those locations that remained after the CAD/ROD as
part of the LM water-monitoring network. RFLMA requirements will replace the RFCA IMP.

1.1 Purpose and Scope

The purpose of this report is to inform the regulatory agencies and stakeholders regarding
specified surveillance and maintenance activities being conducted at the Site, as required by
RFCA and the CAD/ROD. DOE-LM is committed to periodic communications such as this
report and through other means such as web-based tools and public meetings.

! RFLMA became effective March 14, 2007, and superseded RFCA. The monitoring, surveillance and maintenance
activities for which quarterly, annual and 5 year review reports are issued are included in RFLMA Attachment 2,
Legacy Management Requirements. These activities did not change from the draft to the final RFLMA.
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Maintenance activities performed by LM in the fourth quarter of 2006 and routine monitoring
performed during all of calendar year (CY) 2006 are addressed. This document also includes the
fourth quarter of CY 2006 water-quality data (Appendix B.6) and evaluation, in lieu of a separate
Fourth Quarter CY 2006 Report.

1.2 Background

Environmental monitoring during CY 2006 was conducted following the 2006 IMP

(DOE 2006c, 2006d). Surveillance and maintenance activities in CY 2006 were conducted to
meet the requirements of RFCA, including the IMP and requirements of RFCA accelerated
action decision documents as further described in this Report. Surveillance and maintenance
activities, including environmental monitoring, conducted in future periods will be performed
according to the RFLMA (DOE 2007b).
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2.0 Surface Water Monitoring
2.1 Introduction

This report presents the data collected to satisfy selected surface water monitoring objectives
implemented at Rocky Flats in accordance with the RFCA (CDPHE et al. 1996) the fiscal year
(FY) 2005 IMP Summary and Background Documents (Revision 1; K-H 2005d, 2005e), and the
2006 IMP Summary and Background Documents (DOE 2006c¢, 2006d). The IMP provides a
framework for monitoring in support of closure activities at the Site. This framework includes
implementation of a high-resolution surface water monitoring program that supports data-driven
decisions determined by the IMP Data Quality Objectives (DQQO) process. The surface water
monitoring program provides:

. Detection of contaminants at Points of Compliance (POCs) in comparison to RFCA
Standards in flows entering Stream Segment 4 and at the Site boundary;

. Detection of contaminants at Points of Evaluation (POESs) in comparison to RFCA Action
Levels in flows entering Stream Segment 5 and the Site ponds;

. Monitoring of flows and contaminant levels in subdrainages upstream of POCs and POEs
to facilitate the identification of contaminant sources;

. Monitoring to determine the short- and long-term effectiveness of the Present Landfill
(PLF) and Original Landfill (OLF) remedies as related to surface water;

. Monitoring to confirm the proper functioning of the ground water treatment systems as
related to surface water;

. Monitoring of indicator parameter values at various locations to determine correlations
between indicator parameters and analytical water-quality measurements;

. Monitoring of nitrate in flows leaving the Site boundary;

. Monitoring of various surface water parameters at various locations on an ad hoc basis in
support of special projects; and

. Monitoring for the safe and effective operation of the Site ponds.

This report provides a comprehensive and detailed summary of the surface water monitoring
conducted at the Site, which fulfills the applicable requirements of the Site IMP. As such, this
report is organized to follow the framework of the IMP, with each report section providing the
objective-specific data evaluations. The 2006 IMP dictates the monitoring and data evaluation
reported herein; the 2007 Annual Report will comply with RFLMA.

This report includes all data collected during CY 2006 for locations that remain after Closure as
part of the DOE-LM surface water monitoring program. This surface water section includes:

. A description of the Site automated surface water monitoring program and monitoring
network;

. A presentation of discharge and precipitation data summary statistics;
. A summary of selected analytical water-quality results;
. A loading analysis for radionuclides at POEs and POCs;
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o  Evaluations of analytical results as required by the Site IMP, organized by monitoring
objective; and

e Anappendix (CD-ROM) with hydrologic and water quality data.
2.1.1 Surface Water Monitoring Highlights: CY 2006

During CY 2006, the surface water monitoring network successfully fulfilled the targeted
monitoring objectives as required by the Site IMP. During CY 2006, the network consisted of
15 gaging stations, 9 surface water grab sampling locations, 4 treatment system grab sampling
locations, 8 precipitation gages, and 3 predischarge pond monitoring locations. During CY 2006,
139 samples composed of 2,898 individual grabs were collected at these locations.?

CY 2006 was significantly drier than average with approximately 9.18 inches of precipitation,
which is 72 percent of average (12.78 inches; CY 1993-2005 average). The spring was
significantly drier than average with March, April, and May being 36 percent of average.
October was significantly wetter than average (226 percent of average), while April, May, and
June were significantly drier than average (33 percent, 19 percent, and 40 percent of average,
respectively). The largest events occurred on August 3, 2006 (0.82 inches), and July 9, 2006
(0.64 inches).® The largest 2-day total (1.42 inches) occurred on October 9—October 10, 2006.
The highest peak flow rates for the year from the former Industrial Area (IA) were during the
October 27, 2006, event (approximately 0.52 inches on wet soils following week of frequent
precipitation). Peak flows for the year were 3.1 cubic feet per second (cfs) in North Walnut
Creek (October 27, 2006) and 0.66 cfs in South Walnut Creek. The South Interceptor Ditch
(SID) did not flow the entire year.

All water-quality data at the RFCA POCs were below the applicable standards during CY 2006.
For the RFCA POEs, reportable values were observed at GS10 only (plutonium [Pu], americium
[Am], and total uranium [U]). These reportable values for CY 2006 were addressed through
multiple source evaluation letters from DOE to the regulators. These notifications are
summarized in the 2006 Quarterly Reports (DOE 2006f, 2006g, 2007d).

2.1.2 Integrated Monitoring Plan for Surface Water

The Site surface water monitoring network is designed to meet the requirements documented in
the Site IMP (DOE 2006c¢, 2006d), which groups all site surface water monitoring objectives into
five primary categories: Site-Wide, IA (former), 1A (former) Discharges to Ponds, Water
Leaving the Site*, and Off-Site. The seven IMP objectives evaluated in this report that are
accomplished through surface water monitoring are described briefly below.> During CY 2006,
the Site monitoring network included 15 gaging stations, 9 surface-water grab sampling

2 Composite samples consist of multiple aliquotts (‘grabs’) of identical volume. Each grab is delivered by the
automatic sampler to the composite container at each predetermined flow-volume or time interval.

® The precipitation gages used in the Automated Surface Water Monitoring Network are not heated due to the lack
of AC power at the locations. As such, the gages do not accurately measure snowfall (as water equivalent).

* The 2006 IMP uses the term “Site’ as referring to the former RFETS area.

® The Imminent Danger to Life and Health (IDLH) decision rule (locations indicated in Table 2-1) requires the
collection of hydrologic data to support the management of the Site ponds. This objective does not require any
detailed data analysis. Therefore, this decision rule is not included in this report, however, hydrologic data are
presented here for completeness.
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locations, 4 treatment system grab sampling locations, 8 precipitation gages, and 3 predischarge
pond monitoring locations to achieve these objectives. In some situations, a single location may
serve multiple objectives. This report presents data evaluation only for those locations that were
part of the monitoring network as of the end of CY 2006. Monitoring tasks and data collection,
compilation, evaluation, and reporting for each objective included in this report are detailed in
Sections 2.5 through 2.11. Figure 2-1 shows the monitoring network at the end of CY 2006.

The IMP used the DQO process to determine necessary and sufficient monitoring requirements.
The process yielded multiple, data-driven, surface water monitoring objectives (called decision
rules under the DQO process), a subset of which (seven) is presented in this report.

Four of the IMP automated surface water monitoring objectives are organized in a roughly
upstream-to-downstream direction, beginning with performance monitoring and ending
downstream at the POCs at Indiana Street (Figure 2—2). These monitoring objectives are
summarized in the following paragraphs and are discussed in detail in Sections 2.8 through 2.11.

For the first of the upstream-to-downstream monitoring categories, the Site is required to
evaluate surface water associated with individual accelerated actions within the COU. This
performance monitoring (Section 2.8) is intended to evaluate surface water quality with respect
to applicable surface-water standards.

For the next upstream-to-downstream monitoring category (Discharges to Ponds Objectives), the
IMP requires the Site to identify and correct significant accidental or undetected releases of
contaminants to the Site ponds. The POE (Section 2.9) objective monitors flows to the ponds at
specific locations on North Walnut Creek, South Walnut Creek, and the SID. RFCA specifies
POE monitoring for the upstream reaches of Site drainages (above the ponds) and specifies
action levels for specific contaminants (Action Level Framework [ALF]).

The next category is Terminal Pond and Indiana Street Objectives. Predischarge monitoring (not
evaluated in this report) is conducted in coordination with the State at the terminal ponds prior to
planned discharges. The Site is also required to monitor at POC locations below the terminal
ponds during discharges to subsequently compare analytical results to RFCA standards

(Section 2.10). In addition, there are RFCA POCs that are located at Indiana Street for both
Walnut and Woman Creeks. The Non-POC decision rule (Section 2.11) requires the Site to
collect data for nitrate at the Walnut Creek POCs during pond discharges.

Some monitoring objectives do not fit into the upstream-to-downstream sequence and can be
implemented at any location within the POU boundary.

For example, Imminent Danger to Life and Health monitoring provides information necessary
for safe operation of the Site pond dams. This monitoring objective is not discussed in this
document; however, the hydrologic data associated with this decision rule are presented in
Section 2.2,
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Table 2-1. Matrix of Monitoring Locations and Supported IMP Decision Rules: CY 2006

Supported Decision Rule

. I Ad Indicator Non- Pre- Precip-
Location Code IDLH | Investigative Hoc | Parameter Performance | POE | POC POC | discharge | itation

GS01 v v v

GS03 v v v v

GSO05 v v v

GS08 v v v

GS10

GS11

GS12

GS13

AN NN NN

GS31

GS33 v

GS51 v v

GS59 v v v

SwWo018 v v v'*

SwWo027 v v v

SWO093 v v

GWISINFNORTH

GWISINFSOUTH

PLFSYSEFF

v
v
PLFSEEPINF v
v
v

PLFPONDEFF

POM2 7

SPP
DISCHARGE v
GALLERY

A3DM

A4DM

B5DM

C2DM

ANEBY BN RN
AN

LFDM

RPTR v

RPTR2 v

RPTR3 v

Notes: Locations A3DM, A4DM, B5DM, C2DM, and LFDM are telemetry nodes collecting real-time pond level and piezometer data
for the Imminent Danger to Life and Health (IDLH) decision rule. These data are not evaluated in this report.
* = evaluated under ground water monitoring

Investigative monitoring (see Section 2.7), is designed to evaluate upstream water quality when
reportable water-quality values are observed at POEs and/or POCs, and can take place anywhere
within the POU boundary. Unplanned, special-request monitoring activities are discussed as ad
hoc monitoring in Section 2.5.

Indicator Parameter Monitoring for Assessment of Analytical Water-Quality Data (Section 2.6)
provides the justification for the collection of general water-quality and quantity information to
be used for various data assessments. Specifically, this objective outlines the current and
expected uses of parameters such as total suspended solids (TSS) and flow rate.
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Figure 2—1. Rocky Flats Site Surface Water Monitoring Locations and Precipitation Gages: End of CY 2006
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Figure 2—2. Conceptual Model of Site Surface Water Monitoring Objectives

2.1.3 Surface Water Hydrology

Streams and seeps at the Site are largely ephemeral, with stream reaches gaining or losing flow,
depending on the season and precipitation amounts. Surface water flow across the Site is
primarily from west to east, with three major drainages traversing the Site. Fourteen ponds (plus
several small stock ponds) collect surface water runoff, although only 12 ponds are within the
COU and maintained by DOE-LM. The Site drainages and ponds, including their respective
pertinence to this report, are described below and shown on Figure 2-3.

The major stream drainages leading out of the POU, from north to south, are Rock Creek,
Walnut Creek, and Woman Creek. North Walnut Creek flows through the A-Series Ponds and
South Walnut Creek flows through the B-Series Ponds; both are tributaries to Walnut Creek.
2.1.3.1  Walnut Creek

Walnut Creek receives surface water flow from the central third of the Site, including the
majority of the COU. It consists of several tributaries: McKay Ditch, No Name Gulch, North
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Walnut Creek, and South Walnut Creek. These tributaries join Walnut Creek upstream of the
Site’s eastern boundary (Indiana Street). East of Indiana Street, Walnut Creek flows through a
diversion structure normally configured to divert flow to the Broomfield Diversion Ditch around
Great Western Reservoir and into Big Dry Creek. The Walnut Creek tributaries, from north to
south, are described below.

McKay Ditch

The McKay Ditch was formerly a tributary to Walnut Creek within the Site boundaries but was
diverted in July 1999 into a new pipeline to keep McKay Ditch water from commingling with
Site water in Walnut Creek. Although no longer a contributor to Walnut Creek, the McKay Ditch
drainage is described here to clarify water routing at the Site. The new configuration allows the
City of Broomfield to transport water from the South Boulder Diversion Canal, across the
northern portion of the POU and directly into Great Western Reservoir, without entering Walnut
Creek. This configuration prevents commingling of McKay Ditch water with discharged water
from the Site ponds. McKay Ditch (as well as both the McKay Bypass Canal and McKay Bypass
Pipeline) are outside the COU; these features are not maintained by DOE-LM.

No Name Gulch

This drainage is located downstream of the Landfill Pond. A surface water diversion ditch is
constructed around the perimeter of the PLF to divert surface water runoff around the landfill to
No Name Gulch. Effluent from the Present Landfill Treatment System (PLFTS) and runoff from
the area surrounding the pond are the sole surface water sources to the Landfill Pond. The
Landfill Pond is operated in a flow-through configuration, although the pool level often drops
below the outlet works.

North Walnut Creek

Runoff from the northern portion of the COU flows into this drainage, which has four ponds
(Ponds A-1, A-2, A-3, and A-4). The combined capacity of the A-Series Ponds is approximately
197,000 cubic meters (m®) (52 million gallons or 160 acre-feet [ac-ft]). In the normal operational
configuration, Ponds A-1 and A-2 are bypassed and maintained for supplemental stormwater
control and wetland habitat; evaporation or transfer controls water levels in these ponds. North
Walnut Creek flow is diverted around Ponds A-1 and A-2 to Pond A-3 for retention. Pond A-3 is
discharged in batches to the A-Series “terminal pond” Pond A-4. If routine discharge of retained
water is warranted, Pond A-4 is isolated, sampled, and water is released if surface water quality
criteria are met. Criteria for emergency discharge, regardless of pre-discharge pond sampling
results, are detailed in the Emergency Response Plan for Rocky Flats Ste Dams (ERP;

DOE 2007a).
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Figure 2-3. Major Site Drainage Areas Walnut Creek, Woman Creek, and Rock Creek: End of CY 2006
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South Walnut Creek

Runoff from the central portion of the COU flows into this drainage, which has five ponds
(Ponds B-1, B-2, B-3, B-4, and B-5). The combined capacity of the South Walnut Creek B-
Series Ponds is approximately 102,000 m® (27 million allons or 83 ac-ft). Ponds B-1, B-2, and
B-3 are bypassed and maintained for supplemental stormwater control and wetland habitat;
evaporation or transfer controls water levels in these ponds. South Walnut Creek flow is diverted
around Ponds B-1, B-2, and B-3 and into Pond B-4, which flows directly into “terminal pond”
Pond B-5. If routine discharge of retained water is warranted, Pond B-5 is sampled and water is
released if surface water quality criteria are met. Criteria for emergency discharge, regardless of
pre-discharge pond sampling results, are detailed in the ERP.

2.1.3.2 Woman Creek

South of the COU is Woman Creek, which flows through Pond C-1 and off Site onto Refuge
lands toward Indiana Street. The Woman Creek drainage basin extends eastward from the base
of the foothills, near Coal Creek Canyon, to Standley Lake. In the current configuration, Woman
Creek flows into the Woman Creek Reservoir located east of Indiana Street and upstream of
Standley Lake, where the water is held until it is pump-transferred to Big Dry Creek by the City
of Westminster.

South Interceptor Ditch

In the southern portion of the COU, and tributary to Woman Creek, is the SID drainage. Surface
water runoff from the southern portion of the COU is captured by the SID, which flows from
west to east into Pond C-2. If routine discharge of retained water is warranted, Pond C-2 is
sampled and water is released to Woman Creek if surface water quality criteria are met. Criteria
for emergency discharge, regardless of pre-discharge pond sampling results, are detailed in the
ERP.

2.1.3.3  Other Drainages

The third major drainage, other than Walnut and Woman Creeks, is Rock Creek. The Rock
Creek drainage covers the northwestern portion of the former RFETS east-sloping alluvial plains
to the west, several small stock ponds within the creek bed, and multiple steep gullies and stream
channels to the east characterize the drainage channel. This entire basin is outside the COU.

Smart Ditch/South Woman Creek, located south of Woman Creek, is also completely outside the
COU. The D-Series Ponds (D-1 and D-2) are located on Smart Ditch. This drainage and these
ponds are not maintained by DOE-LM.

2.2 Hydrologic Data

The following section provides information on all automated surface water monitoring locations
at the Site that operated during CY 2006. For locations with continuous flow measurement,
graphical discharge summaries are provided. Numerical discharge values are included in the
tables in Appendix A. The hydrologic routing diagram (as of December 31, 2006) for the
locations included in this report is shown in Figure 2—4.
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2.2.1 Data Presentation
2.2.1.1  Flow Data Collection and Computation

Data obtained at a continuous surface water gaging station on a stream or conveyance, such as an
irrigation ditch, consist of a continuous record of stage,® individual measurements of flow
throughout a range of stages, and notations regarding factors that might affect the relation of
stage to flow rate. These data, together with supplemental information such as climatological
records, are used to compute daily mean discharges.

Continuous records of stage are obtained with electronic recorders that store stage values at
selected time intervals or secondarily with radio-telemetry data-collection platforms that transmit
near real-time data at selected time intervals to a central database for subsequent processing.
Direct field measurements of flow are made with current meters, using methods adapted by the
U.S. Geological Survey, or with flumes or weirs that are calibrated to provide a relation of
observed stage to flow rate. These methods are described by Carter and Davidian (1968) and by
Rantz (1982a, 1982b).

In computing flow records for non-standard flow-control devices, results of individual
measurements are plotted against the corresponding stage, and stage-flow rate relation curves are
constructed. From these curves, rating tables indicating the computed flow rate for any stage
within the range of the measurements are prepared. For standard devices (e.g., flumes, weirs),
rating tables indicating the flow rate for any stage within the range of the device are prepared
based on the geometry of the device. If it is necessary to define extremes of flow outside the
range of the device, the curves can be extended using (1) logarithmic plotting, (2) velocity-area
studies, (3) results of indirect measurements of peak flow rate, such as slope-area or contracted-
opening measurements, and computation of flow over dams or weirs, or (4) step-back-water
techniques.

Daily mean discharges are computed by averaging the individual flow measurements using the
stage-flow rate curves or tables. If the stage-flow rate relation is subject to change because of
frequent or continual change in the physical features that form the control, the daily mean
discharge is determined by the shifting-control method, in which correction factors based on the
individual flow rate measurements and notes by the personnel making the measurements are
applied to the gage heights before the flow rates are determined from the curves or tables. This
shifting-control method also is used if the stage-flow rate relation is changed temporarily
because of aquatic vegetation growth or debris on the control. For some gaging stations,
formation of ice in the winter can obscure the stage-flow rate relations so that daily mean
discharges need to be estimated from other information, such as temperature and precipitation
records, notes of observations, and records for other gaging stations in the same or nearby basins
for comparable periods.

® Stage is the water level (in units such as feet or meters) in a conveyance structure.
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Figure 2—-4. Rocky Flats Site Water Routing Schematic: End of CY 2006
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For most gaging stations, there may be periods when no gage-height record is obtained or the
recorded gage height is faulty so that it cannot be used to compute daily mean discharge or
contents. This record loss occurs when recording instruments malfunction or otherwise fail to
operate properly, intakes are plugged, the stilling well is frozen, or for various other reasons. For
such periods, the daily discharges are estimated from the recorded range in stage, previous or
following record, field discharge measurements, climatological records, and comparison with
other gaging-station records from the same or nearby basins. Information explaining how
estimated daily discharge values are identified in gaging-station records is provided in the
“Identifying Estimated Daily Discharge” section.

2.2.1.2 Data Presentation

The information published for each continuous-record surface water gaging station consists of
six parts: the station description; a map showing the drainage area for the station; a plot of the
daily mean discharge for the calendar year(s); a table of daily mean discharge values for the
calendar year with summary data; a tabular statistical summary of monthly mean discharge data
for the calendar year; and a summary statistics table that includes statistical data of annual
discharge and runoff. The tables are included in Appendix A, “Hydrologic Data,” while the other
information is presented below.

2.2.1.3  Station Description

The station description provides, under various headings, descriptive information included
gaging-station location, drainage area, period of record, and gage information. The following
information is provided:

. Location—This entry provides the gaging-station state plane coordinates and geographic
location. Gaging station state plane coordinates were obtained by geographic positioning
system or digitized from site geographic information system (GIS) coverages.

. Drainage Area—This entry provides the drainage area (in acres) of the gaged basin. If,
because of unusual natural conditions or artificial controls, some part of the basin does not
contribute flow to the total flow measured at the gage, the noncontributing drainage area
also is identified. Drainage area is usually measured using digital techniques and the most
accurate maps available. Because the type of map available might vary from one drainage
basin to another, the accuracy of digitized drainage areas also can vary. Drainage areas are
updated as better maps become available. Some of the gaging stations included in this
report measure stage and flow rate in channels that convey water to or from reservoirs or
other features; these channels might have little or no contributing drainage area. Drainage
areas in this report were provided by Site GIS coverages.’

. Period of Record—This entry provides the period for which the Site has been collecting
records at the gage. This entry includes the month and year of the start of collection of
hydrologic records by the Site and the words “to current year” if the records are to be
continued into the following year.

. Gage—This entry provides the type of gage currently in use, and a condensed history of
the types and locations of previous gages.

" Drainage area maps show Site configuration at the end of CY 2006.
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2.2.1.4  Daily Mean Discharge Values

The daily mean discharge values computed for each gaging station during a calendar year are
listed in the body of the data tables in Appendix A. In the monthly “Flow Rate” summary part of
the table, the line headed “Average” lists the average flow rate, in cubic feet per second, during
the month; and the lines headed “Maximum” and “Minimum” list the maximum and minimum
daily mean discharges for each month. Total discharge for the month also is expressed in cubic
feet (“Cubic Feet”), gallons (“Gallons”), and acre-feet (“Acre-Feet”). The term “Partial Data”
denotes a month with incomplete data.

2.2.1.5 Summary Statistics

A section of the table titled “Annual Summaries For CY06” follows the monthly mean data
section. This section provides a statistical summary of annual flow rates and discharge for the
labeled calendar year. The applicable units are to the left of the table value. The term “PARTIAL
DATA” denotes a year with incomplete data.

2.2.1.6  Identifying Estimated Daily Discharge

Estimated daily discharges published in water-discharge tables and figures of this annual report
are identified by italicizing individual daily values or through color coding in hydrographs. For
periods of no data, a gap is shown on the hydrographs.

2.2.1.7 Other Records Available

Information used in the preparation of the records in this report, such as discharge-measurement
notes, gage-height records, and rating tables, are on file. Information on the availability of the
unpublished information or on the published statistical analyses is available from personnel
involved with data collection at the Site.

2.2.2 Discharge Data Summaries
2.2.2.1  Site-Wide Discharge Summary

Discharge summaries for the two major Site drainages receiving flow from the COU (Walnut
and Woman Creeks) are given in Figure 2-5 and Figure 2—6. Walnut Creek flows are measured
at GS03 and Woman Creek flows are measured at GSO1. Figure 2—7 shows the relative total
CY 1997-2006 discharge volumes from the major Site drainages as measured at Site POEs and
POCs. Through CY 2004, Walnut Creek discharged larger volumes than Woman Creek. As the
Site progressed toward final closure in CY 2005,% volumes from Woman Creek exceeded
volumes from Walnut Creek.

& The removal of impervious surfaces and the elimination of the Waste Water Treatment Plant (WWTP)
significantly reduced contributions to Walnut Creek in CY 2005.
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Figure 2-7. Map Showing Relative CY 1997-2006 Discharge Volumes for POEs and POCs

2.2.2.2  Ponds Discharge Summary

Figure 2-8 and Figure 2-9 show the annual ponds inflows and outflows, respectively. Due to the
intermittent pump transfers of Pond B-5 water to Pond A-4, the volumes for the A- and B-Series
Ponds are combined. Figure 2-10 shows the relative total CY 1997-2006 discharge volumes
from the ponds (as measured at GS08, GS11, and GS31) and from the major drainages tributary
to the ponds (as measured at GS10, SW027, SW091, SW093, and the former Waste Water
Treatment Plant [WWTP] [995POE]).? Pond inflows do not necessarily equal outflows for any
given year due to the storage of water in the ponds across water years, evaporative/seepage
losses/gains, and local runoff to the ponds.

® The WWTP was removed from service on November 4, 2004.
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Figure 2—8. Pond Inflows: CY 1997-2006
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2.2.2.3 GS01: Woman Creek at Indiana Street
Location—Woman Creek 200 feet upstream of Indiana Street; State Plane: E2093820, N744894.

Drainage Area—The basin includes the Woman Creek drainage and southern portions of the
COU; areas west of Highway 93 also contribute runoff (total drainage acreage undetermined).

Period of Record—September 16, 1991, to current year.

Gage—Water-stage recorder and 18-inch Parshall flume (flume is located just east of Indiana
Street, sampling conducted on Site property); prior to March 24, 1998, flow measurement was at
the onsite sampling location using a 9-inch Parshall flume.

Figure 2-11. Map Showing GS01 Drainage Area
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Figure 2-13. CY 1997-2006 Mean Daily Hydrograph at GS01: Woman Creek at Indiana Street
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2.2.2.4  GS03: Walnut Creek at Indiana Street

Location—Walnut Creek at Flume Pond outlet upstream of Indiana Street; State Plane:
E2093606, N753652.

Drainage Area—The basin includes the Walnut Creek drainage and the majority of the COU,;
areas west of Highway 93 also contribute runoff (total drainage acreage undetermined).

Period of Record—September 2, 1991, to current year.

Gage—Water-stage recorder and parallel 6-inch and 36-inch Parshall flumes prior to
November 5, 2002. Rated stream section during flume construction (GS03T;
November 5, 2002-February 12, 2003). Three-foot HL flume starting February 12, 2003.
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Figure 2—-14. Map Showing GS03 Drainage Area
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— Electronic Record

— Estimated Record

No flow at GS03 during CY 2006.
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Figure 2-15. CY 2006 Mean Daily Hydrograph at GS03: Walnut Creek at Indiana Street
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Figure 2—-16. CY 1997-2006 Mean Daily Hydrograph at GS03: Walnut Creek at Indiana Street
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2.2.2.5 GS05: Woman Creek at West Fenceline
L ocation—Woman Creek east of west Site boundary; State Plane: E2078428, N747260.

Drainage Area—The basin includes a portion of the Woman Creek drainage; areas west of
Highway 93 also contribute runoff (total drainage acreage undetermined).

Period of Record—September 23, 1991, to current year.

Gage—Water-stage recorder and 9-inch Parshall flume with weir insert.
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Figure 2-17. Map Showing GSO05 Drainage Area
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Figure 2—-19. CY 1997-2006 Mean Daily Hydrograph at GS05: North Woman Creek at West Fenceline
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2.2.2.6  GS08: South Walnut Creek at Pond B-5 Outlet
Location—South Walnut Creek at Pond B-5 outlet; State Plane: E2089779, N752234.

Drainage Area—The basin includes the South Walnut Creek drainage and central portions of the
COU (total of 355.5 acres).

Period of Record—March 23, 1994, to current year.
Gage—Water-stage recorder and 24-inch Parshall flume.
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Figure 2—20. Map Showing GS08 Drainage Area
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Figure 2—21. CY 2006 Mean Daily Hydrograph at GS08: South Walnut Creek at Pond B-5 Outlet
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Figure 2—22. CY 1997-2006 Mean Daily Hydrograph at GS08: South Walnut Creek at Pond B-5 Outlet
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2.2.2.7  GS10: South Walnut Creek at Pond B-1 Bypass

L ocation—South Walnut Creek above Pond B-1 Bypass; State Plane: E2086741, N750326.
Drainage Area—The basin includes the central portion of the COU (total of 250.4 acres).
Period of Record—April 1, 1993, to current year.

Gage—Water-stage recorder and 9-inch Parshall flume with weir insert.
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Figure 2—23. Map Showing GS10 Drainage Area
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Figure 2—-25. CY 1997-2006 Mean Daily Hydrograph at GS10: South Walnut Creek at Pond B-1 Bypass
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2.2.2.8 GS11: North Walnut Creek at Pond A-4 Outlet
Location—North Walnut Creek at Pond A-4 outlet; State Plane: E2089934, N753267.

Drainage Area—The basin includes the North Walnut Creek drainage and northern portions of
the COU (total of 367.5 acres).

Period of Record—May 12, 1992, to current year.
Gage—Water-stage recorder and 24-inch Parshall flume.

Figure 2—26. Map Showing GS11 Drainage Area
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= Electronic Record

— Estimated Record

No Pond A-4 discharge during CY 2006.
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Figure 2-27. CY 2006 Mean Daily Hydrograph at GS11: North Walnut Creek at Pond A-4 Outlet
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Figure 2—-28. CY 1997-2006 Mean Daily Hydrograph at GS11: North Walnut Creek at Pond A-4 Outlet
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2.2.2.9 GS12: North Walnut Creek at Pond A-3 Outlet
Location—North Walnut Creek at Pond A-3 outlet; State Plane: E2088569, N752633.

Drainage Area—The basin includes the North Walnut Creek drainage and northern portions of
the COU (total of 334.2 acres).

Period of Record—May 13, 1992, to current year.

Gage—Water-stage recorder and 30-inch Parshall flume.
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Figure 2—-29. Map Showing GS12 Drainage Area
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Figure 2-31. CY 1997-2006 Mean Daily Hydrograph at GS12: North Walnut Creek at Pond A-3 Outlet
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2.2.2.10 GS13: North Walnut Creek above Pond A-1
Location—North Walnut Creek at A-1 Bypass; State Plane: E2086145, N751872.

Drainage Area—The basin includes the North Walnut Creek drainage and northwestern portions
of the COU (total of 233.3 acres).

Period of Record—October 1, 2005, to current year.

Gage—Water-stage recorder and 6-inch Parshall flume.
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Figure 2—-32. Map Showing GS13 Drainage Area
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Figure 2-34. CY 2005-2006 Mean Daily Hydrograph at GS13: North Walnut Creek at Pond A-1 Bypass
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2.2.2.11 GS31: Woman Creek at Pond C-2 Outlet
Location—Pond C-2 outlet; State Plane: E2089262, N747515.

Drainage Area—The basin includes a portion of the southern COU draining to the SID and the
area surrounding Pond C-2 (total of 204.1 acres).

Period of Record—October 1, 1996, to current year.
Gage—Water-stage recorder and 24-inch Parshall flume.
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2.2.2.12 GS33: No Name Gulch at Walnut Creek

Location—No Name Gulch at Walnut Creek; State Plane: E2090209, N753621.
Drainage Area—The basin is the No Name Gulch drainage (total of 295.3 acres).
Period of Record—September 16, 1997, to current year.

Gage—Water-stage recorder and 9.5-inch Parshall flume.
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Figure 2—-38. Map Showing GS33 Drainage Area
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— Electronic Record

— Estimated Record

No flow at GS33 during CY 2006.
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Figure 2—-39. CY 2006 Mean Daily Hydrograph at GS33: No Name Gulch at Walnut Creek
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2.2.2.13 GS51: Ditch South of 903 Pad
Location—Ditch south of 903 Pad; State Plane: E2086295, N748107.

Drainage Area—The basin includes an area south and west of the former 903 Pad (total of
16.0 acres).

Period of Record—August 13, 2001, to current year.
Gage—Water-stage recorder and 0.75-foot H-flume.
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Figure 2-41. Map Showing GS51 Drainage Area
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Figure 2—-42. CY 2006 Mean Daily Hydrograph at GS51: Ditch South of 903 Pad
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Figure 2—-43. CY 2001-2006 Mean Daily Hydrograph at GS51: Ditch South of 903 Pad
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2.2.2.14 GS59: Woman Creek Upstream of Antelope Springs Confluence

L ocation—Woman Creek 900 feet upstream of Antelope Springs confluence; State Plane:
E2083231, N747137.

Drainage Area—The basin includes upstream reaches of the Woman Creek; areas west of
Highway 93 also contribute runoff (total drainage acreage undetermined).

Period of Record—November 20, 2002, to current year.
Gage—Water-stage recorder and 1.5-foot Parshall flume.
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Figure 2—-46. CY 2002-2006 Mean Daily Hydrograph at GS59: Woman Creek Upstream of Antelope Springs Confluence
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2.2.2.15 SWO018: Functional Channel (FC) 2 at FC-2 Wetland
L ocation—FC-2 drainage just upstream of FC-2 wetland; State Plane: E2083351, N751006.

Drainage Area—The basin includes FC-2 areas tributary to North Walnut Creek (total of
42.4 acres).

Period of Record—October 10, 2003, to current year.

Gage—Water-stage recorder and 1-foot Parshall flume through September 12, 2006. One-foot
H flume installed on September 13, 2006.
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Figure 2—-47. Map Showing SWO018 Drainage Area
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Figure 2—-49. CY 2003-2006 Mean Daily Hydrograph at SW018: FC-2 at FC-2 Wetland
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2.2.2.16 SWO027: SID at Pond C-2
Location—East end of SID at Pond C-2; State Plane: E2088515, N748067.

Drainage Area—The basin includes a portion of the southern COU drained by the SID (total of
177.6 acres).

Period of Record—September 11, 1991, to current year.
Gage—Water-stage recorder and dual, parallel 120° V-notch weirs.
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Figure 2-50. Map Showing SWO027 Drainage Area
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Figure 2-51. CY 2006 Mean Daily Hydrograph at SW027: SID at Pond C-2
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2.2.2.17 SW093: North Walnut Creek 1,300 feet Upstream of Pond A-1 Bypass

L ocation—North Walnut Creek 1,300 feet above Pond A-1 Bypass; State Plane: E2085026,
N751720.

Drainage Area—The basin includes the northwestern portion of the COU drained by FC-3
(total of 192.5 acres).

Period of Record—September 11, 1991, to current year.

Gage—Water-stage recorder and 36-inch suppressed, rectangular, sharp-crested weir to
January 27, 2003; rated stream section during new flume construction (SWO093T;
January 27, 2003-May 29, 2003). Three-foot H flume starting May 29, 2003.
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Figure 2-55. CY 1997-2006 Mean Daily Hydrograph at SW093: North Walnut Creek Upstream of Pond A-1 Bypass
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2.2.3 Precipitation Data

During CY 2006, eight precipitation gages were operated as part of the automated surface water
monitoring network. The locations employ tipping-bucket rain gages generally mounted at
ground level. Precipitation totals are logged on 5- and/or 15-minute intervals. The gages are not
heated and will not accurately record equivalent precipitation for all snowfall events. The
following sections present several figures summarizing the precipitation data collected for

CY 1997-2006.

Table 2-2. Monitoring Network Precipitation Gage Information

Location Code Eastin Northin . .
[Surface Water Gage] [State Plzgne] [State Plage] Period of Operation
PG55 [NA] 2087857.63 747141.16 7/19/94-current year
PG56 [NA] 2091790.63 752716.35 7/18/94—current year
PG58 [GS01] 2093835.22 744921.16 10/11/96—-current year
PG59 [GS03] 2093598.99 753629.51 4/1/96-current year
PG61 [GS05] 2078432.10 747285.45 4/1/96—-current year
PG72 [NA] 2083387.82 751851.00 6/7/05—-current year
PG73 [GS13] 2086169.70 751862.47 9/27/05-current year
PG74 [GS59] 2083249.49 747158.98 9/5/06—current year
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2.2.3.1 CY 1997-2006 Summary
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Figure 2-57. Annual Total Precipitation for CY 1997-2006
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Figure 2-59. Relative Monthly Precipitation Totals for CY 1997-2006
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2.2.3.2 CY 2006 Summary
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Figure 2—-60. Monthly Precipitation for CY 2006
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Figure 2—62. Daily Precipitation Totals for CY 2006

2.3 Water-Quality Summaries

This section presents water-quality summaries for selected analytes for the period

January 1, 1997, through December 31, 2006 (CY 1997-2006), for the locations operational in
CY 2006. Radionuclides summarized in Section 2.3.1 include Pu, Am,* and total U.
Additionally, the POE metals (total beryllium [Be], dissolved cadmium [Cd], total chromium
[Cr], and dissolved silver [Ag]) are summarized in Section 2.3.2. Many additional analyses are
also performed based on the specific monitoring objective. The results and evaluation for these
additional analytes are presented in Sections 2.6 through 2.11 by monitoring objective.

2.3.1 Radionuclides

The following summaries include all results that were not rejected through the validation
process.™ Data are generally presented to decimal places as reported by the laboratories.
Accuracy should not be inferred; minimum detectable concentrations/activities and analytical
error are often greater than the precision presented. When a negative radionuclide result

(e.g., —0.002 picocuries per liter [pCi/L]) is reported by the laboratory due to blank correction,
then a value of 0.0 pCi/L is used for calculation purposes. When a sample has a corresponding
field duplicate, the value used in calculations is the arithmetic average of the ‘real’ and
‘duplicate’ values.*> When a sample has multiple ‘real’ analyses (e.g., Site requested ‘reruns’),

1%n this report, ‘plutonium’ or ‘Pu’ refers to Pu-239,240 and ‘americium’ or ‘Am’ refers to Am-241.

1 Summaries do not include supplemental grab samples from GS13 that were collected to assess modifications to
the Solar Ponds Plume Treatment System (SPPTS); only routine continuous flow-paced samples are included.

12 Arithmetic averaging of radionuclide pairs is performed only when the duplicate error ratio (DER) is less than 1.5.
If the DER is greater than or equal to 1.5, then the radionuclide results are determined to be non-representative.
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the value used in calculations is the arithmetic average of the multiple ‘real’ analyses. Total U
activity is calculated by summing the activities for the analyzed isotopes (U-233,234 + U-235 +
U-238).

The Pu/Am ratio is calculated for each sample by dividing the Pu result by the corresponding
Am result. Ratios are only calculated for samples where both the Pu and Am results are greater
than 0.015 pCi/L (generally the minimum detectable activity [MDA] for Pu and Am analyses) to
exclude ratios for very low results with high relative error.

The U-233,234/U-238 ratio is calculated for each sample by dividing the U-233,234 result by the
corresponding U-238 result. Ratios are only calculated for samples where both the U-233,234
and U-238 results are greater than 0.025 pCi/L (generally the MDA for these isotope analyses) to
exclude ratios for very low results with high relative error. The U-233,234/U-238 ratios can only
be used to qualitatively infer the characteristics of the U in surface water. In the past, ground
water and surface water samples from select locations have been sent to Los Alamos National
Laboratory (LANL) for high resolution inductively-coupled plasma/mass spectrometry

(HR ICP/MS) and/or thermal ionization mass spectrometry (TIMS) analyses. These analyses
measure mass ratios of four U isotopes (masses 234, 235, 236, and 238) and are detailed in the
reports titled Uranium in Surface Soil, Surface Water, and Groundwater at the Rocky Flats
Environmental Technology Ste (K-H 2004f), and in the Interim Measure/I nterim Remedial
Action for Groundwater at the Rocky Flats Environmental Technology Ste (K-H 2005c).
Isotopic ratios provide a signature that indicates whether the source of U is natural,
anthropogenic (man-made), or mixed. The results to date indicate that the ground water and
surface water locations at Rocky Flats display a predominately natural signature.

Each table includes only those locations where samples were collected that were analyzed for the
referenced analyte. Maps are also included showing monitoring locations and the corresponding
median values of the referenced parameter. Only locations that had four or more individual
results are mapped.

Table 2—-4 and Figure 2—64 show that post-closure median Pu activities for all locations are well
below 0.15 pCi/L."

These results are not used for the calculation of summary statistics. A more thorough discussion of data management
is given in Appendix B.1, “Analytical Data Evaluation Methods.”

3 The Pu, Am, and total U standards / action levels noted in this section apply only to POE (GS10, SW027, and
SW093; Section 2.9) and POC (GS01, GS03, GS08, GS11, and GS31; Section 2.10) 30-day or 12-month rolling
averages. Comparisons of standards / action levels to other locations are noted in this section for reference only.
POEs and POCs are highlighted in bold in the tables.
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Table 2-3. Summary Statistics for Pu-239,240 Analytical Results in CY 1997-October 13, 2005

Location Samples (N) Median (pCi/L) SStFpEsrLc)entlle Maximum (pCi/L)
GS01 165 0.002 0.008 0.024
GS03 257 0.005 0.016 0.220
GS05 NA NA NA NA
GS08 118 0.004 0.013 0.864
GS10 266 0.054 0.207 2.27
GS11 89 0.002 0.009 0.070
GS13 NA NA NA NA
GS31 26 0.017 0.094 0.348
GS51 27 3.97 8.41 99.7
GS59 30 0.000 0.004 0.020
PLFSYSEFF NA NA NA NA
SWo018 33 0.017 0.043 0.197
SWo027 71 0.049 0.199 13.2
SW093 284 0.010 0.063 4.18

Notes: NA = Analyte not sampled
Bold-face type = POC or POE

(October 13, 2005-December 31, 2006)

Table 2-4. Post-Closure Summary Statistics for Pu-239,240 Analytical Results

85th Percentile

Location Samples (N) Median (pCi/L) (pGilL) Maximum (pCi/L)
GS01 10 0.000 0.007 0.008
Gsos * * * *
GS05 NA NA NA NA
GSOS * * * *
GS10 19 0.009 0.020 0.060
Gsll * * * *
GS13 NA NA NA NA
GS31 * * * *
GS51 1 1.05 1.05 1.05
GS59 NA NA NA NA
PLFSYSEFF NA NA NA NA
SWo018 10 0.003 0.016 0.026
SWO027 * * * *
SW093 17 0.004 0.021 0.025

Notes: * = No post-closure results through CY 2006
NA = Analyte not sampled

Bold-face type = POC or POE
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Table 2—-6 and Figure 2—-66 show that post-closure median Am activities for all locations are well

below 0.15 pCi/L.

Table 2-5. Summary Statistics for Am-241 Analytical Results in CY 1997-October 13, 2005

Location Samples (N) Median (pCi/L) 85tr(1pPC(?/rf)ent|Ie Maximum (pCi/L)
GS01 164 0.001 0.008 0.054
GS03 258 0.006 0.018 0.066
GS05 NA NA NA NA
GS08 118 0.006 0.015 0.275
GS10 259 0.057 0.193 8.39
GS11 88 0.003 0.010 0.047
GS13 NA NA NA NA
GS31 26 0.009 0.020 0.116
GS51 25 0.807 1.76 3.41
GS59 30 0.001 0.004 0.015
PLFSYSEFF NA NA NA NA
SWo018 34 0.008 0.024 0.091
SWo027 71 0.009 0.045 2.33
SW093 279 0.012 0.052 14.1

Notes: NA = Analyte not sampled

Bold-face type = POC or POE

Table 2-6. Post-Closure Summary Statistics for Am-241 Analytical Results

(October 13, 2005-December 31, 2006)

Location Samples (N) Median (pCi/L) 85tr(1pPC(?/rf)ent|Ie Maximum (pCi/L)
GS01 10 0.005 0.012 0.057
Gsos * * * *
GS05 NA NA NA NA
GSOS * * * *
GS10 19 0.008 0.028 0.047
Gsll * * * *
GS13 NA NA NA NA
GS31 * * * *
GS51 1 0.209 0.209 0.209
GS59 NA NA NA NA
PLFSYSEFF NA NA NA NA
SWo018 10 0.002 0.011 0.016
SWO027 * * * *
SW093 17 0.000 0.017 0.026

Notes: * = No post-closure results through CY 2006

NA = Analyte not sampled
Bold-face type = POC or POE
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Table 2-8 and Figure 2—68 show that post-closure median total U activities for most locations
are below the action level of 10 pCi/L (11 pCi/L for Woman Creek). Recent data from GS10 and
GS13 show total U levels in excess of 10 pCi/L. U activities at GS13 are known to be directly
affected by ground water associated with the Solar Ponds Plume (SPP). The measurements at
GS10 are likely due to contributions of naturally occurring U in ground water and hydrologic
changes at GS10. As impervious areas were removed at the Site (reducing direct runoff during
precipitation events), contributions to the creek from ground water with naturally occurring U
represented a larger portion of the streamflow monitored at GS10. Without direct runoff
contributions to mix with the ground water U contributions, samples from GS10 began to reflect
the naturally occurring ground water U concentrations (often significantly greater than the
surface water action level).

Table 2-7. Summary Statistics for Total Uranium Analytical Results in CY 1997-October 13, 2005

Location Samples (N) Median (pCi/L) 85th Percentile (pCi/L) Maximum (pCi/L)
GS01 53 3.26 5.10 9.35
GS03 78 1.75 3.25 5.43
GS05 NA NA NA NA
GS08 118 1.32 2.23 6.87
GS10 266 3.23 5.04 14.0
GS11 89 2.10 3.08 4.06
GS13 56 8.44 12.9 23.5
GS31 26 221 2.68 4.07
GS51 26 1.07 1.83 2.76
GS59 31 0.762 1.24 3.87
PLFSYSEFF NA NA NA NA
SW018 33 3.87 5.43 7.94
SwWo027 71 1.32 2.92 4.48
SW093 284 2.72 4.16 7.33

Notes: NA = Analyte not sampled
Bold-face type = POC or POE

Table 2-8. Post-Closure Summary Statistics for Total Uranium Analytical Results
(October 13, 2005-December 31, 2006)

Location Samples (N) Median (pCi/L) 85th Percentile (pCi/L) Maximum (pCi/L)
GSo1 10 4.92 5.80 7.53
GS03 * * * *
GS05 7 0.64 0.86 2.35
GSOS * * * *
GS10 19 10.7 17.0 245
Gsll * * * *
GS13 9 15.6 18.9 21.6
GS31 * * * *
GS51 NA NA NA NA
GS59 6 211 4.36 5.65
PLFSYSEFF 5 5.53 7.88 8.43
SW018 NA NA NA NA
SW027 * * * *
SW093 17 6.23 8.00 10.2

Notes: * = No post-closure results through CY 2006
NA = Analyte not sampled
Bold-face type = POC or POE
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Table 2-9 and Table 2-10 list the average Pu/Am activity ratios for locations where samples are
analyzed for Pu and Am. A ratio greater than one indicates Pu activity in excess of Am activity.
Conversely, a ratio less than one indicates Am activity in excess of Pu activity. Generally, Pu
activities are greater than Am activities in surface water at the Site. Very few post-closure
Pu/Am data pairs satisfying the MDA criteria are available, and a post-closure map is not
presented.

Table 2-9. Average Pu/Am Ratios for Analytical Results in CY 1997-October 13, 2005

Location Samples (N)* Average Pu/Am Ratio
GSo1 1 15
GSo03 14 2.1
GSO05 NA NA
GS08 5 8.9
GS10 196 1.3
GS11 * *
GS13 NA NA
GS31 4 3.9
GS51 24 4.6
GS59 * *
PLFSYSEFF NA NA
SW018 9 1.8
SwWo027 26 4.9
SW093 95 1.8

*No results greater than 0.015 pCi/L
Bold-face type = POC or POE
NA = Analyte not sampled

"Number of samples where both Pu and Am were greater than 0.015 pCi/L

Table 2-10. Post-Closure Average Pu/Am Ratios for Analytical Results
(October 13, 2005-December 31, 2006)

Location Samples (N)? Average Pu/Am Ratio
GSo1 * *
GSo03 * *
GS05 NA NA
GS08 * *
GS10 2 1.9
GS11 * *
GS13 NA NA
GS31 * *
GS51 1 5.0
GS59 NA NA
PLFSYSEFF NA NA
SWo018 * *
SW027 * *
SW093 1 0.8

*No results greater than 0.015 pCi/L
Bold-face type = POC or POE
NA = Analyte not sampled

"Number of samples where both Pu and Am were greater than 0.015 pCi/L
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Naturally occurring U generally shows a U-233,234/U-238 activity ratio of approximately one.
The U-233,234/U-238 activity ratios at Site surface water monitoring locations may be used as
an indication of the existence of U with ‘unnatural’ ratios. Although this evaluation does not deal
systematically with analytical counting errors, Table 2-11, Table 2-12,
Figure 2-70, and Figure 2—71 are presented here for reference.

In the past, Site ground water and surface water samples from select locations have been sent to
LANL for HR ICP/MS and/or TIMS analyses as discussed previously. The results indicate that
ground water and surface-water at the Site display a predominately natural signature.

Table 2-11. Average U-233,234/U-238 Ratios for Analytical Results in CY 1997-October 13, 2005

Location Samples (N)? Average U-233,234/U-238 Ratio
GSo01 53 1.3
GSo03 78 1.2
GS05 NA NA
GS08 118 11
GS10 266 1.1
GS11 89 1.0
GS13 56 1.1
GS31 26 0.9
GS51 26 1.0
GS59 31 1.3
PLFSYSEFF NA NA
sSwo018 33 0.6
SwWo027 71 0.8
SW093 284 1.0

Number of samples where both U-233,234 and U-238 were greater than 0.025 pCi/L
Bold-face type = POC or POE
NA = Analyte not sampled

Table 2-12. Post-Closure Average U-233,234/U-238 Ratios for Analytical Results

(October 13, 2005-December 31, 2006)

Location Samples (N)? Average U-233,234/U-238 Ratio
GS01 10 1.3
GSo03 * *
GS05 7 1.2
GSo08 * *
GS10 19 1.1
GS11 * *
GS13 9 11
GS31 * *
GS51 NA NA
GS59 6 1.4
PLFSYSEFF 5 1.2
Swo018 NA NA
SW027 * *
SW093 17 1.2

Number of samples where both U-233,234 and U-238 were greater than 0.025 pCi/L
Bold-face type = POC or POE
NA = Analyte not sampled
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232 POE Metals

The following summaries include all results that were not rejected through the validation
process. Data are generally presented to decimal places as reported by the laboratories. Accuracy
should not be inferred; minimum detectable concentrations/activities and analytical error are
often greater than the precision presented. When an ‘undetect’ is returned from the lab for metals
analyses, then one-half the detection limit is used for calculation purposes. When a sample has a
corresponding field duplicate, the value used in calculations is the arithmetic average of the
‘real’ value and the “‘duplicate’. ** When a sample has multiple ‘real” analyses (Site requested
‘reruns’), the value used in calculations is the arithmetic average of the multiple ‘real” analyses.

Table 2-13. Summary Statistics for POE Metals Results from GS10 in CY 1997-October 13, 2005

Analyte Samples Undetect Median 85th Percentile Maximum
(N) (g/L) (ng/L) (pg/L)
Total Be 263 32.3% 0.12 0.63 3.40
Dissolved Cd 259 59.1% 0.05 0.15 1.00
Total Cr 264 13.3% 2.40 9.72 80.10
Dissolved Ag 258 88.8% 0.11 0.18 1.10

Table 2-14. Post-Closure Summary Statistics for POE Metals Results from GS10
(October 13, 2005-December 31, 2006)

Analyte Samples Undetect Median 85th Percentile Maximum
(N) (g/L) (ng/L) (pg/L)
Total Be 19 100.0% 0.50 0.50 0.50
Dissolved Cd 19 100.0% 0.05 0.05 0.14
Total Cr 19 78.9% 0.50 1.59 2.20
Dissolved Ag 19 100.0% 0.10 0.10 0.10

Table 2-15. Summary Statistics for POE Metals Results from SW027 in CY 1997-0October 13, 2005

Analyte Samples Undetect Median 85th Percentile Maximum
(N) (ng/L) (ng/L) (ng/L)
Total Be 70 45.7% 0.09 0.41 1.30
Dissolved Cd 70 68.6% 0.05 0.13 0.70
Total Cr 70 8.6% 1.70 4.03 31.2
Dissolved Ag 68 85.3% 0.12 0.24 0.72

 Arithmetic averaging of metal pairs is performed only when the relative percent difference (RPD) is less than
100 percent. If the RPD is greater than or equal to 100 percent, then the metal results are determined to be non-
representative. The results are then not used for the calculation of summary statistics.

U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities
April 2007 Doc. No. S0296000
Page 2-87



Table 2-16. Post-Closure Summary Statistics for POE Metals Results from SW027
(October 13, 2005-December 31, 2006)

Analyte Samples Undetect Median 85th Percentile Maximum
(N) (ug/L) (ug/L) (ug/L)
Total Be 0 NA NA NA NA
Dissolved Cd 0 NA NA NA NA
Total Cr 0 NA NA NA NA
Dissolved Ag 0 NA NA NA NA

Notes: NA = not applicable

Table 2-17. Summary Statistics for POE Metals Results from SW093 in CY 1997-0ctober 13, 2005

Analyte Samples Undetect Median 85th Percentile Maximum
(N) (ug/L) (ug/L) (ug/L)
Total Be 284 35.2% 0.11 0.55 2.10
Dissolved Cd 284 68.7% 0.05 0.14 2.20
Total Cr 283 16.3% 2.00 7.40 34.90
Dissolved Ag 280 89.6% 0.10 0.18 1.03

Table 2-18. Post-Closure Summary Statistics for POE Metals Results from SW093
(October 13, 2005-December 31, 2006)

Analyte Samples Undetect Median 85th Percentile Maximum
(N) (g/L) (ug/L) (/L)
Total Be 17 100.0% 0.50 0.50 0.50
Dissolved Cd 17 94.1% 0.05 0.05 0.11
Total Cr 17 64.7% 0.50 1.46 1.90
Dissolved Ag 17 100.0% 0.10 0.10 0.10

2.4 Loading Analysis

This section provides a summary of radionuclide loads (Am, Pu, and total U) for RFCA POEs
and POCs. These locations collect continuous flow paced composite samples for laboratory
analysis. The nature of the continuous sampling during all flow conditions allows for more
accurate load estimations compared to storm-event or grab sampling.

This loading analysis should not be confused with demonstration of compliance at POCs and
POEs. Compliance is demonstrated based on water activity (essentially concentration in pCi/L)
in comparison to applicable surface water standards (sees Sections 2.9 and 2.10). This loading
analysis is presented to show the changes in the transport of Pu, Am, and U following Site
closure. These changes in load, in conjunction with the successful demonstration of compliance,
can be used to support conclusions regarding the success and continued performance of the
remedy.

To calculate load, the activity for each composite sample (pCi/L) is multiplied by the
corresponding stream discharge (L) during the composite sample period, to yield the load (pCi).
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The total pCi value is then converted to micrograms (ug) using the conversion factors in
Table 2-19.* A detailed description of the method for load estimation is given in Appendix B1.*°

The Pu-239,240 conversion factor was derived from Table 2.7.2-2 in the April 1980 Final
Environmental Impact Statement (Final Statement to ERDA 1545-D), Rocky Flats Plant (RFP)
Site.

The conversion factors for Am-241, U-233,234, U-235, and U-238 were taken from the Code of
Federal Regulations (CFR), Title 40, Chapter I, Part 302.4, Appendix B, October 7, 2000."

Table 2-19. Activity to Mass Conversion Factors for Pu, Am, and U Isotopes

Analyte Mass/Activity (g/Ci)
Pu-239,240 14.085
Am-241 0.292
U-233,234 1.6 E+02
U-235 4.63 E+05
U-238 2.98 E+06

241 Site-Wide

This section summarizes the calculated overall Pu and Am loads for selected locations. Total
uranium data collection began at GS01 and GS03 just prior to CY 2003, as such only
CY 2003-2006 data are shown. The following points are noted:

. For lower Walnut Creek, Figure 2—72 shows that there is a calculated Pu loss between the
terminal ponds and GS03. For lower Woman Creek, however, there is a calculated gain in
Pu load between Pond C-2 and GSO1. This is likely due to transport of diffuse, low-level
Pu contamination in the much larger flow volumes measured at GS01 (2,456 ac-ft at GS01;
252 ac-ft at GS31). The volume-weighted average Pu activity of 0.005 pCi/L at GS01 is
significantly below the standard of 0.15 pCi/L.

. For lower Walnut Creek, Figure 2—73 shows that there is a calculated Am gain between the
terminal ponds and GS03. For lower Woman Creek, there is a larger calculated gain in Am
load between Pond C-2 and GSO01. This is likely due to transport of diffuse, low-level Am
contamination in the much larger flow volumes measured at GS01. The volume-weighted
Am activity of 0.004 pCi/L at GSO01 is significantly below the standard of 0.15 pCi/L.

. For lower Walnut Creek, Figure 2—74 shows that there is a calculated U*® gain between the
terminal ponds and GS03. For lower Woman Creek, however, there is a much larger gain
in U load between Pond C-2 and GSO01. This is likely due to naturally occurring U in the
much larger flow volumes measured at GS01 (since 2003, 805 ac-ft at GS01; 89 ac-ft at
GS31)." The volume-weighted total U activity of 2.15 pCi/L at GSO01 is significantly
below the standard of 11 pCi/L.

> In the following tables and plots, values are rounded for presentation.

18 Data are generally presented at varying precision for presentation. Accuracy should not be inferred; both
analytical and flow measurement error have not been quantified in this report.

" The U-234 conversion factor was used to represent U-233,234 due to the small relative abundance of U-233.
18 Total U is calculated as the sum of individual isotopes: U-233.234 + U-235 + U-238.

9 For the CY 2003-2006 period.
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Figure 2—74. Relative Total Uranium Loading Schematic: CY 2003-2006




24.2 Fenceline Points of Compliance

This section summarizes the calculated offsite Pu and Am loads from Walnut and Woman
Creeks. The following points are noted:

e Walnut Creek accounts for 78 percent of both the Pu (Figure 2-77) and Am (Figure 2—79)
loads at Indiana Street. The fact that Walnut Creek only accounts for 61 percent of the
combined Walnut and Woman Creek flow volumes (Section 2.2.2.1) shows that the
activities in Walnut Creek are somewhat higher than Woman Creek.

e Both Puand Am loads have decreased in recent years as Site closure activities have
reduced discharge volumes and eliminated source terms (Figure 2-75).

e U analysis at both GS01 and GS03 began just prior to CY 2003. Walnut Creek accounts for
78 percent of the total U (Figure 2-81) load at Indiana Street for CY 2003-2005
(57 percent of the flow volume).

Table 2-20. Offsite Pu and Am Loads from Walnut and Woman Creeks: CY 1997-2006

Calendar Pu-239,240 (ng) Am-241 (ug)
Year Walnut Creek | Woman Creek | Site Total | Walnut Creek | Woman Creek | Site Total
1997 262.4 47.9 310.3 2.99 0.40 3.39
1998 172.2 55.4 227.6 2.66 0.99 3.65
1999 150.2 56.7 206.9 1.83 0.75 2.57
2000 26.0 6.1 32.1 0.74 0.18 0.92
2001 58.6 22.4 81.0 0.63 0.30 0.93
2002 37.4 0.8 38.2 0.37 0.03 0.40
2003 57.6 25.9 83.5 1.07 0.34 1.41
2004 33.1 4.7 37.8 0.70 0.15 0.86
2005 30.3 12.5 42.8 1.67 0.30 1.97
2006 0.0 1.4 1.4 0.0 0.13 0.13
Total 827.8 233.7 1,061.5 12.67 3.56 16.23

Note: During CY 1997, flows from Woman Creek were routinely diverted to Mower Ditch for subsequent monitoring at GS02.
Therefore, the load calculated for Woman Creek at Indiana Street (GS01) includes the water that was measured at GS02. The
estimated load diverted to GS02 is calculated by multiplying the CY 1997 volume-weighted activities at GS01 by the streamflow
volume measured at GS02, and converting for units. This diverted load is then added to the calculated load at GS01 to obtain the
total CY 1997 load at GSO01. For subsequent water years, the Mower diversion structure has been upgraded and configured to

prevent Woman Creek flows from entering the Mower Ditch.
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Figure 2—77. Relative Pu Load Totals from Walnut and Woman Creeks: CY 1997—-2006
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Figure 2—79. Relative Am Load Totals from Walnut and Woman Creeks: CY 1997—2006

Table 2-21. Total Uranium Loads from Walnut and Woman Creeks: CY 2003-2006

Calendar Year Total Uranium (g)
Walnut Creek Woman Creek
2003 1,751 790
2004 744 808
2005 1,482 918
2006 N o(f)l ow 235
Total 3,977 2,751
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Figure 2—80. Annual Total Uranium Loads from Walnut and Woman Creeks: CY 2003-2006
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243 Walnut Creek (POC GS03)

This section summarizes the calculated Pu and Am loads in Walnut Creek at GS03 (Walnut and
Indiana Street), GS08 (Pond B-5), and GS11 (Pond A-4). Total U data collection began at GS03
on November 5, 2002, as such only CY 2003-2006 data are shown. The following points are
noted:

Annual Pu and Am loads vary by up to two orders of magnitude year to year (Figure 2-83
and Figure 2-85). The significant annual variability in Pu and Am loads is likely due to the
very low measured activities and the inherent analytical error at such low levels.

Pu and Am loads appear to be decreasing at GS03 (Figure 2—-82). The slight increase in
Am loads at GS03 during CY 2005 is due to increased Am contributions to the A-Series
Ponds related to the decontamination and decommissioning (D&D) of B771. Treatment of
Pond A-4 water was successful in reducing Am levels well below the applicable standard
(0.15 pCi/L), but the Am activity of the discharged water was somewhat higher than
normal. Pond B-5 also showed some increased Am activity due to temporarily increased
Am load associated with solids transport resulting from the construction of FC-4. These
slightly higher Am activities were subsequently measured at GS03.

Pu and Am loads from Pond B-5 are significantly greater than loads from Pond A-4
(Table 2-22 and Table 2-23), a result of both higher activities and larger discharge
volumes prior to Closure.

Total Pu loads from Ponds A-4 and B-5 for the entire period of 1997 through 2006 are
marginally greater than the loads at GS03 (Table 2-22 and Figure 2-84), indicating a small
net loss of load to the Walnut Creek streambed below Ponds A-4 and B-5.

Total Am loads from Ponds A-4 and B-5 for the entire period of 1997 through 2006 are
marginally less than the loads at GS03 (Table 2-23 and Figure 2-86), indicating a small
net gain of load (11 percent) from tributaries and the Walnut Creek streambed below
Ponds A-4 and B-5.

Total CY 2003-2006 U loads from Ponds A-4 and B-5 are less than the loads at GS03
(Figure 2-88), indicating a small net gain of load from tributaries and the Walnut Creek
streambed below Ponds A-4 and B-5.
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Table 2-22. Pu Loads at GS03, GS08, and GS11: CY 1997-2006

Pu-239,240 (ug)
Calendar Walnut Creek
Year Pond A-4 (GS11) | Pond B-5(GS08) | Terminal Ponds POC GS03
Total

1997 59.2 8.8 68.0 262.4
1998 20.0 22.4 42.4 172.2
1999 23.8 261.4 285.2 150.2
2000 28.4 244.6 273.0 26.0
2001 4.7 32.3 37.0 58.6
2002 0.1 7.8 7.9 37.4
2003 7.3 111.5 118.8 57.6
2004 2.2 27.1 29.3 33.1
2005 2.2 17.9 20.1 30.3
2006 No A-4O(.1(i)s’charge No B-SO(i(i)s’charge 0.0 Nc? .ﬂoow
Total 147.9 733.9 881.8 827.8

Notes: NA = not applicable

Table 2-23. Am Loads at GS03, GS08, and GS11: CY 1997-2006

Am-241 (ng)
Calendar Walnut Creek
Year Pond A-4 (GS11)| Pond B-5(GS08) | Terminal Ponds POC GS03
Total

1997 0.70 0.25 0.95 2.99
1998 1.25 0.35 1.60 2.66
1999 0.20 1.81 2.01 1.83
2000 0.02 3.14 3.16 0.74
2001 0.11 0.46 0.57 0.63
2002 0.04 0.25 0.29 0.37
2003 0.18 0.54 0.72 1.07
2004 0.14 0.58 0.73 0.70
2005 0.43 0.97 1.39 1.67
2006 No A-4%i(')scharge No B-50(.j(i)s,charge 0.00 Nc? %?ow
Total 3.08 8.36 11.44 12.67

Notes: NA = not applicable
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Figure 2—82. Annual Pu and Am Loads at GS03: CY 1997-2006
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Figure 2—86. Relative Am Load Totals at GS03, GS08, and GS11: CY 1997-2006

Table 2-24. Total Uranium Loads at GS03, GS08, and GS11: CY 2003-2006

Total Uranium (g)
Calendar Walnut Creek
Year Pond A-4 (GS11)| Pond B-5(GS08) | Terminal Ponds POC GS03
Total
2003 865 610 1,474 1,751
2004 316 390 705 744
2005 165 1,389 1,554 1,482
0; 0; 0
2006 No A-4 discharge | No B-5 discharge 0 No flow
Total 1,345 2,388 3,733 3,977

Notes: NA = not applicable
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Figure 2—87. Annual Total Uranium Loads at GS03, GS08, and GS11: CY 2003-2006
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244 Woman Creek (POC GS01)

This section summarizes the calculated Pu and Am loads in Woman Creek at GS01 (Woman
Creek at Indiana Street) and GS31 (Pond C-2). Total U data collection began at GS01 on
February 3, 2003, as such only CY 2003-2006 data are shown. The following points are noted:

e Annual Puand Am loads generally vary by up to two orders of magnitude year to year
(Figure 2-90 and Figure 2-92). The significant annual variability in Pu and Am loads is
likely due to the very low measured activities and the inherent analytical error at such low
levels.

e« Puand Am loads appear to be decreasing at GSO1 (Figure 2—89).

e  Total Pu loads from Pond C-2 are less than the loads at GSO1 (Table 2-25 and
Figure 2-91), indicating a gain of load from the Woman Creek drainage.

e  Total Am loads from Pond C-2 are less than the loads at GSO1 (Table 2-26 and
Figure 2-93), indicating a gain of load from the Woman Creek drainage.

o Total CY 2003-2006 U load from Pond C-2 is less than the load at GS01 (Table 2-27 and
Figure 2-95), indicating a gain of load from naturally occurring U in the Woman Creek
drainage.

Table 2-25. Pu Loads at GS01 and GS31: CY 1997-2006

Calendar Year Pu-239,240 (ug)
Pond C-2 (GS31) POC GS01
1997 16.7 47.9
1998 2.2 55.4
1999 26.9 56.7
2000 No C-Zod(i)s,charge 6.1
2001 11.0 22.4
2002 0.2 0.8
2003 11.0 25.9
2004 11.5 4.7
2005 5.0 12.5
2006 No C-Zod(i)s,charge L4
Total 84.5 233.7

Note: During CY 1997 (through September 30, 1997), flows from Woman Creek were routinely
diverted to Mower Ditch for subsequent monitoring at GS02 (discontinued location). Therefore, the
load calculated for Woman Creek at Indiana Street (GS01) includes the water that was measured at
GSO02. The estimated load diverted to GSO02 is calculated by multiplying the CY 1997 volume-
weighted activities at GS01 by the streamflow volume measured at GS02, and converting for units.
This diverted load is then added to the calculated load at GS01 to obtain the total CY 1997 load at
GSO01. For subsequent water years, the Mower diversion structure has been upgraded and configured
to prevent Woman Creek flows from entering the Mower Ditch.

NA = not applicable
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Table 2-26. Am Loads at GS01 and GS31: CY 1997-2006

Calendar Year Am-241 (u9)
Pond C-2 (GS31) POC GS01
1997 0.17 0.40
1998 0.27 0.99
1999 0.13 0.75
2000 No C-g -o(l)igé:harge 0.18
2001 0.14 0.30
2002 <0.01 0.03
2003 0.09 0.34
2004 0.11 0.15
2005 0.04 0.30
2006 No C-Zod(i)s'charge 0.13
Total 0.96 3.56

Note: During CY 1997 (through September 30, 1997), flows from Woman Creek were routinely
diverted to Mower Ditch for subsequent monitoring at GS02 (discontinued location). Therefore, the
load calculated for Woman Creek at Indiana Street (GS01) includes the water that was measured at
GSO02. The estimated load diverted to GSO02 is calculated by multiplying the CY 1997 volume-
weighted activities at GS01 by the streamflow volume measured at GS02, and converting for units.
This diverted load is then added to the calculated load at GSO01 to obtain the total CY 1997 load at
GSO01. For subsequent water years, the Mower diversion structure has been upgraded and configured
to prevent Woman Creek flows from entering the Mower Ditch.

Notes: NA = not applicable
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Figure 2—89. Annual Pu and Am Loads at GS01: CY 1997-2006
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Figure 2—90. Annual Pu Loads at GS01 and GS31: CY 1997-2006
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Figure 2-91. Relative Pu Load Totals at GS01 and GS31: CY 1997-2006
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Table 2-27. Total Uranium Loads at GS01 and GS31: CY 2003—-2006

Calendar Year Total Uranium (g)
Pond C-2 (GS31) POC GS01
2003 129 790
2004 92 808
2005 115 918
2006 No C-2 3{scharge 235
Total 336 2,751

Notes: NA = not applicable
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Figure 2-94. Annual Total Uranium Loads at GS01 and GS31: CY 2003-2006
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Figure 2-95. Relative Total Uranium Load Totals at GS01 and GS31: CY 2003-2006

245 Terminal Ponds

This section summarizes the calculated Pu, Am, and total U loads from terminal Ponds A-4, B-5,
and C-2. The following points are noted:

e Annual Puand Am loads vary significantly year to year (Figure 2-96 and Figure 2-98).

e A qgeneral reduction in Puand Am loads is noted (Figure 2-96 and Figure 2-98).

e  Pond B-5 accounts for a majority (76 percent) of the Pu load from the terminal ponds
(Figure 2-97).

e  Pond B-5 accounts for a majority (67 percent) of the Am load from the terminal ponds
(Figure 2-99).

e Pond A-4 accounts for a slim majority (46 percent) of the total U loads from the terminal
ponds (Figure 2-101).
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Table 2-28. Pu and Am Loads from Terminal Ponds A-4, B-5, and C-2: CY 1997-2006

Calendar Pu-239,240 (ng) Am-241 (ug)
Year Pond A-4 Pond B-5 Pond C-2 Pond A-4 Pond B-5 Pond C-2
(GS11) (GS08) (GS31) (GS11) (GS08) (GS31)
1997 59.2 8.8 16.7 0.70 0.25 0.17
1998 20.0 22.4 2.2 1.25 0.35 0.27
1999 23.8 261.4 26.9 0.20 1.81 0.13
0.0; 0.00;
2000 28.4 244.6 No C-2 discharge 0.02 3.14 No C-2 discharge
2001 4.7 32.3 11.0 0.11 0.46 0.14
2002 0.1 7.8 0.2 0.04 0.25 <0.01
2003 7.3 111.5 11.0 0.18 0.54 0.09
2004 2.2 27.1 11.5 0.14 0.58 0.11
2005 2.2 17.9 5.0 0.43 0.97 0.04
0.0; 0.0; 0.0° 0.00; 0.00; 0.0'
2006 No A-4 No B-5 No C-2 discharge No A-4 NOB-5 1\ c-2 discharge
discharge discharge 9 discharge discharge 9
Total 147.9 733.9 84.5 3.08 8.36 0.96
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Figure 2-96. Annual Pu Loads from Terminal Ponds A-4, B-5, and C-2: CY 1997-2006
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Figure 2-99. Relative Am Load Totals from Terminal Ponds A-4, B-5, and C-2: CY 1997-2006

Table 2-29. Total Uranium Loads from Terminal Ponds A-4, B-5, and C-2: CY 1997-2006

Total Uranium (g)
Pond B-5 (GS08)

Calendar Year

Pond A-4 (GS11) Pond C-2 (GS31)

1997 1,365 252 231
1998 1,301 620 216
1999 633 809 189
0;

2000 386 465 No C-2 discharge
2001 564 639 67
2002 132 258 1
2003 865 610 129
2004 316 390 92
2005 165 1,38 115
2006 o 0, 0,

No A-4 discharge No B-5 discharge No C-2 discharge
Total 5,727 5,432 1,039
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2451

A- and B-Series Ponds (POCs GS08 and GS11)

This section summarizes the calculated Pu, Am, and total U loads for the A- and B-Series Ponds.
Since water transfers occur between ponds, the load analysis below is performed for both pond
series combined. The influent load sources are GS10 and the former WWTP (South Walnut), and
SW093 (North Walnut). The effluent loads are GS08 (Pond B-5 outlet) and GS11 (Pond A-4
outlet). The following points are noted:

Table 2-30 shows GS10 with the highest influent Pu load.

A significant increase in Pu loads to the ponds is noted during CY 2004 due to increased
solids transport resulting from active building demolition and soil disturbance

(Figure 2-102). With the enhanced implementation of erosion controls, revegetation, and
soil stabilization, a significant reduction is noted for CY 2005-2006.

Table 2-31 shows GS10 with the highest influent Am load.

A measurable increase in Am loads to the ponds is noted during both CY 2005. This
increase was partly due to increased solids transport resulting from active building
demolition and soil disturbance (Figure 2-104). Increased Am loads at SW093 were
primarily due to contributions from B771 D&D during the July 2004 through
November 2004 period. The pathway causing these increased loads was eliminated in
December 2004.

Annual Pu and Am loads vary significantly year to year (Figure 2-102 and Figure 2-104)
primarily due to hydrologic and solids transport variation.

Figure 2-106 shows GS10 with the highest influent total U activity, while SW093 shows
the highest total U load (due to larger flow volumes at SW093).

Figure 2-106 shows GS11 with the highest effluent total U activity and load.

Table 2-30. Pu Load Summary for the A- and B-Series Ponds: CY 1997-2006

Pu-239,240 (ug)

Calendar
Year Influent Influent Influent Effluent Effluent
(WWTP) (GS10) (SW093) (GS08) (GS11)
1997 11.2 576.0 164.2 8.8 59.2
1998 13.4 328.6 69.1 22.4 20.0
1999 19.4 307.9 127.8 261.4 23.8
2000 17.4 326.2 87.4 244.6 28.4
2001 11.3 141.4 44.4 32.3 4.7
2002 8.3 59.3 9.6 7.8 0.1
2003 3.8 207.2 140.1 1115 7.3
2004 2.1 523.3 1,330.9 27.1 2.2
0.0
2005 WWTP 247.1 29.2 17.9 2.2
removed
0.0 0.0; 0.0;
2006 WWTP 2.3 2.5 No B-5 No A-4
removed discharge discharge
Total 86.9 2,719.5 2,005.2 733.9 147.9

Notes: NA = not applicable
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Table 2-31. Am Load Summary for the A- and B-Series Ponds: CY 1997-2006

Calendar Am-241 (ug)
Year Influent Influent Influent Effluent Effluent
(WWTP) (GS10) (SW093) (GS08) (GS11)
1997 0.64 12.20 2.24 0.25 0.70
1998 0.32 4.69 1.30 0.35 1.25
1999 0.11 12.55 1.73 1.81 0.20
2000 0.29 14.57 0.98 3.14 0.02
2001 0.32 2.75 0.65 0.46 0.11
2002 0.20 1.76 0.52 0.25 0.04
2003 0.52 4.44 2.05 0.54 0.18
2004 0.25 4.68 28.48 0.58 0.14
0.00
2005 WWTP 3.98 0.82 0.97 0.43
removed
0.00 0.00; 0.00;
2006 WWTP 0.04 0.02 No B-5 No A-4
removed discharge discharge
Total 2.65 61.66 38.81 8.36 3.08
Notes: NA = not applicable
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Table 2-32. Total Uranium Load Summary for the A- and B-Series Ponds: CY 1997-2006

Calendar Total Uranium (g)
Year Influent Influent Influent Effluent Effluent
(WWTP) (GS10) (SW093) (GS08) (GS11)
1997 257 637 853 252 1,365
1998 467 631 797 620 1,301
1999 121 589 714 809 633
2000 103 379 485 465 386
2001 259 519 646 639 564
2002 61 279 450 258 132
2003 161 501 568 610 865
2004 139 430 575 390 316
0
2005 WWTP 879 534 1,389 165
removed
0 0; 0;
2006 WWTP 230 171 No B-5 No A-4
removed discharge discharge
Total 1,569 5,075 5,793 5,432 5,727

Notes: NA = not applicable
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Figure 2-108. Relative Total Uranium Load Totals for the A- and B-Series Ponds: CY 1997-2006

2.45.2 Pond C-2 (POC GS31)

This section summarizes the calculated Pu, Am, and total U loads for Pond C-2. The influent
load source is SW027 (SID at Pond C-2 inlet). The effluent loads are calculated at GS31
(Pond C-2 outlet). The following points are noted:

. Annual Pu and Am loads vary significantly year to year (Figure 2-109 and Figure 2-111).
A significant increase in both Pu and Am loads to Pond C-2 is noted during CY 2004 due
to increased solids transport from extensive soil disturbance in the drainage associated with
the 903 Pad/Lip accelerated actions. With the enhanced implementation of erosion
controls, revegetation, and soil stabilization, a significant reduction is noted for CY 2005
(no flow in the SID or Pond C-2 discharge in CY 2006).

. Annual total U loads also vary significantly year to year (Figure 2-114).

. There is a measurable total U load gain in Pond C-2 (Figure 2-113). This is likely due to
ground water seepage to Pond C-2 with naturally occurring U.

Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy
Doc. No. S0296000 April 2007
Page 2-120



Table 2-33. Pu Load Summary for Terminal Pond C-2: CY 1997-2006

Calendar Year Pu-239,240 (ug)
Influent (SW027) Effluent (GS31)
1997 17.4 16.7
1998 87.7 2.2
1999 34.3 26.9
2000 67.2 No C-Zoc.l(i)s’charge
2001 10.7 11.0
2002 0.3 0.2
2003 45.1 11.0
2004 820.8 11.5
2005 18.6 5.0
2006 Nc()) .f(l)c’nw No C-Zot.j(i)s’charge
Total 1,102.1 84.5

Notes: NA = not applicable

900 o
8
DOinfluent to Pond C-2 [SW027] O
go+-- 0 feeemeeeeee e} -
B Effluent from Pond C-2 [GS31]
700 +
2 600
£
3
S 500 +
-
o
<
N 400 -~ — - o
o}
Q No CY00
E 300 F - - - - - - |- Ppnd c2 |- _________________ | b _____
discharge
No CY06
Pond C-2
L e Y discharge | -
~
100 B . =+
- - g S . —
NI 3 o ~ 9 € o = o
— o N N S d [ I d b o] S
0 Cmmm | N;I:- }l_—}OO},_L} }l_\_}
1997 1998 1999 2001 2002 2003 2004 2005 2006

Calendar Year
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Figure 2-110. Relative Pu Load Totals for Pond C-2: CY 1997-2006

Table 2-34. Am Load Summary for Terminal Pond C-2: CY 1997-2006

Calendar Year Am-241 (ug)
Influent (SW027) Effluent (GS31)
1997 0.08 0.17
1998 0.25 0.27
1999 0.20 0.13
2000 0.24 No C-g.((j)igé:harge
2001 0.05 0.14
2002 0.00 <0.01
2003 0.12 0.09
2004 3.09 0.11
2005 0.05 0.04
2006 N%?I%w No C-g .((j)igézharge
Total 4.10 0.96

Notes: NA = not applicable
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Table 2-35. Total Uranium Load Summary for Terminal Pond C-2: CY 1997-2006

Total Uranium (g)
Calendar Year
Influent (SW027) Iiglsugf)t
1997 84 231
1998 239 216
1999 116 189
0.00;
2000 22 No C-2 discharge
2001 66 67
2002 7 1
2003 111 129
2004 40 92
2005 33 115
0; 0;
2006 No flow No C-2 discharge
Total 718 1,039

Notes: NA = not applicable
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24.6 RFCA Pointsof Evaluation
24.6.1 Major COU Drainages

This section summarizes the calculated Pu, Am, and total U loads for the three major COU
drainages: North Walnut Creek (SW093), South Walnut Creek (GS10 and the former WWTP),
and the SID (SW027). The following points are noted:

. Total Pu load varies year to year and shows a significant increase in CY 2004 due to
extensive soil disturbance (Figure 2-116). With the enhanced implementation of erosion
controls, revegetation, and soil stabilization, a significant reduction is noted for
CY 2005-2006.

. Total Am load also varies year to year and shows a measurable increase in CY 2004 due to
soil disturbance and contributions from the B771 area (Figure 2-118). Data from SW093
in CY 2005 (Figure 2-123) clearly show that the B771 pathway elimination was
successful.

. South Walnut Creek accounts for a majority (47 percent) of the Pu load from the COU
(Figure 2-117). Of the South Walnut Creek Pu load, GS10 accounts for 97 percent while
the former WWTP accounts for the remaining 3 percent.

. South Walnut Creek accounts for a majority (60 percent) of the Am load from the 1A
(Figure 2-119). Of the South Walnut Creek Am load, GS10 accounts for 96 percent while
the former WWTP accounts for the remaining 4 percent.

. Annual total U loads are fairly consistent year to year (Figure 2—-124). The load reduction
in CY 2006 is due to flow volume reduction, and not a decrease in U activity.

. Total U loads are fairly evenly divided (44 percent-51 percent) between North and South
Walnut Creeks (Figure 2-125).

Table 2-36. Central OU Pu and Am Loads: CY 1997-2006

Pu-239,240 (ng) Am-241 (ug)
calendar| North South South North South South
Year Walnut Walnut Walnut SID Walnut Walnut Walnut SID
Creek Creek Creek (Sw027) Creek Creek Creek (SW027)
(SW093) (GS10) (WWTP) (SW093) (GS10) (WWTP)
1997 164.2 576.0 11.2 17.4 2.24 12.20 0.64 0.08
1998 69.1 328.6 134 87.7 1.30 4.69 0.32 0.25
1999 127.8 307.9 194 34.3 1.73 12.55 0.11 0.20
2000 87.4 326.2 174 67.2 0.98 14.57 0.29 0.24
2001 44.4 141.4 11.3 10.7 0.65 2.75 0.32 0.05
2002 9.6 59.3 8.3 0.3 0.52 1.76 0.20 0.00
2003 140.1 207.2 3.8 45.1 2.05 4.44 0.52 0.12
2004 1,330.9 523.3 2.1 820.8 28.48 4.68 0.25 3.09
2005 29.2 2471 |QOWWIPI g4 0.82 398 |QOOWWTP)| 45
removed removed
2006 25 23 0.0; WWTP 0.0; 0.02 0.04 0.00; WWTP 0.00;
removed No flow removed No flow
Total 2,005.2 2,7195 86.9 1,102.1 38.81 61.66 2.65 4.10
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Table 2-37. COU Total Uranium Loads: CY 1997-2006

Total Uranium (g)
Ca\l(ir;criar North Walnut Creek Soug;/\éslnut South Walnut Creek SID (SW027)
(SW093) (WWTP)
(GS10)
1997 853 637 257 84
1998 797 631 467 239
1999 714 589 121 116
2000 485 379 103 22
2001 646 519 259 66
2002 450 279 61 7
2003 568 501 161 111
2004 575 430 139 40
0;

2005 534 879 WWTP removed 33
2006 17 230 WWTP?émoved No(;iow
Total 5,793 5,075 1569 718
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Figure 2—-124. Annual Total Uranium Loads from Major COU Drainages and Former WWTP:
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Figure 2—-125. Relative Total Uranium Load Totals from Major COU Drainages and Former WWTP:
CY 1997-2006

2.5 AdHoc Monitoring

The Site often monitors surface waters on an ad hoc basis for a variety of reasons. This
monitoring may be requested by DOE, cities, and agencies. It is anticipated that various parties
will continue to request ad hoc monitoring in the future. This monitoring will not always require
sample analyses. In some cases, only flow or continuously recorded water-quality monitoring
will be needed. Examples of situations that may warrant ad hoc monitoring include:

. Major precipitation events that disrupt routine pond predischarge monitoring and discharge
schedules;

. Community assurance monitoring at the request of downstream cities and DOE;
. Unanticipated changes in regulatory permits, agreements, or funding;

. Special projects;

. Anticipated but unfunded changes in permits or agreements; and

. Construction projects.

The ad hoc monitoring details in Section 2.5.1 are based on the automated ad hoc monitoring
performed in CY 2006.

25.1 DataTypes, Frequency, and Collection Protocols
The type of data collected depends exclusively on the predetermined intent of the specific ad hoc

monitoring location. The collected data can then be processed to provide decision support or
input to a technical analysis. In most cases, flow is the primary data collected.
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252 CY 2006 Monitoring Scope

Table 2-38 lists the ad hoc monitoring location that was operational during CY 2006.
Figure 2-126 shows the location of this monitoring station.

Table 2-38. Ad Hoc Monitoring Locations

Location Primary Flow

Code Location Measurement Device Telemetry Notes
Flow data collection for
No Name Gu!Ch at 9.5-inch Parshall determination of No Name
GS33 confluence with Walnut Yes o
Flume Gulch contributions to

Creek

Walnut Creek

Note: Only locations specifically installed in support of an ad hoc project are shown.

Table 2-39. Ad Hoc Field Data Collection: Parameters and Frequency

Location Code Discharge

GS33 15-min continuous

Note: Only locations specifically installed in support of an ad hoc project are shown.
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2.5.3 DataEvaluation
25.3.1 Flow Measurement Locations

Monitoring location GS33 was operated to specifically collect flow data to determine No Name
Gulch contributions to Walnut Creek. Flow data from this location are presented in
Section 2.2.2.12.

2.6 Indicator Parameter Monitoring for Assessment of Analytical Water -
Quality Data

This objective provides the justification for the collection of general water-quality and quantity
information to be used for various data assessments. Specifically, this objective outlines the
current and expected uses of parameters such as TSS and flow rate.

This monitoring objective is intended to establish relationships between analytical measurements
of constituents such as radionuclides and metals with selected indicator parameters, such as TSS,
precipitation, and flow rate. The determination of these relationships may support evaluation of
erosion control measures, design of land configuration options, pond operations, evaluation of
radionuclide transport, assessment of statistically significant changes in water quality, and
management decision making. Table 2—42 provides a listing of data uses for this monitoring
objective.

For this report, data evaluation is limited to selected monitoring locations that were part of the
network during CY 2006 and measuring surface-water flow from the COU (see Figure 2-127).

2.6.1 DataTypes, Frequency, and Collection Protocols

To evaluate the relationship between TSS and analytical constituents,® TSS would ideally be
analyzed for all samples collected at the locations covered by the other decision rules in this
report. However, sampling protocols (continuous flow paced) often result in composite samples
that are collected over periods exceeding the 7-day hold time for TSS analyses. Therefore, TSS
cannot be analyzed for all composite samples but are analyzed whenever hold time requirements
are met.

To evaluate the relationship between precipitation and analytical constituents, precipitation is
currently monitored at multiple locations across the Site. The distribution of precipitation gages
allows for the calculation of precipitation for any drainage area tributary to each monitoring
location. Each of these locations is equipped with a continuously recording precipitation gauge.
Because these gauges are not heated, precipitation in the form of snow may be underreported.

To evaluate the relationship between flow rate and analytical constituents, flow is currently
measured at all automated monitoring locations across the Site. Each of these locations is
equipped with continuously-recording flow-measurement instrumentation.

% The term “analytical constituents’ is used here to refer to constituents measured for samples collected as defined
by the other decision rules in this report.
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This decision rule does not limit the data uses to those given in Table 2—42. Relationships can be
determined for any data combinations as required. For example, relationships between flow and
precipitation, precipitation and TSS, etc., may be useful depending on the specific data

evaluation.

2.6.2 CY 2006 Monitoring Scope

The following tables detail the Indicator Parameter monitoring scope for CY 2006. Figure 2-127

shows the Indicator Parameter monitoring locations.

Table 2-40. Indicator Parameter Field Data Collection: Parameters and Frequency

Parameter

Frequency

Monitoring Location(s)

Flow rate

5-min continuous

All locations where feasible

Precipitation

5-min continuous

13 locations site-wide

Flow volume

time period

Derived from flow rate for any selected

All locations where feasible

Table 2-41. Indicator Parameter Analytical Data Collection: Analytes and Frequency

samples that meet TSS hold time limits

Analyte Frequency Monitoring Location(s)
Actinides Determined by applicable monitoring objective All locations as applicable
TSS Determined by applicable monitoring objective; all Al locations as applicable
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Note: Data evaluation in this report is limited to locations monitoring the former IA (labeled in red).

Figure 2-127. CY 2006 Indicator Parameter Monitoring Locations

Table 2—-42 lists the data evaluations included in this section. Evaluation is limited to locations
GS10, GS13, GSh51, SW018, SW027, and SW093.

Table 2-42. Data Evaluation for Indicator Parameter Monitoring for Analytical Water-Quality Assessment

Required
Parameters

Actinides, TSS

Data Use Description

Correlation of Actinides with Use of TSS measurements to predict actinide

TSS concentrations

Correlation of Actinides with - Use of flow rate measurements to predict actinides
Actinides, flow rate :

Flow Rate concentrations

Correlation of TSS with Use of flow rate measurements to predict TSS

Flow Rate TSS, flow rate concentrations

2.6.2.1 Correlation of Actinides with TSS

Since Pu and Am are transported in surface water in association with particulate matter

(measured as TSS), a relationship between activity and TSS could be used as an indicator of Pu
and Am transport. This section evaluates the variation of composite sample Pu and Am activity
with the corresponding TSS concentration. Plots are presented for selected locations where both
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Pu and Am data are collected with TSS. Data in plots are further separated by pre- and post-
closure periods.

The sample Pu and Am activities are the values obtained through laboratory analysis given in
pCi/L. Only Pu and Am values greater than the MDA (generally 0.015 pCi/L) are included.” The
sample TSS is the value obtained through laboratory analysis given in milligrams per liter
(mg/L). TSS analysis is only performed for composite samples that are collected over a period of
less than the TSS hold time (7 days). Consequently, not all samples collected at the locations
below were analyzed for TSS. Only TSS values greater than the detection limit (generally

5 mg/L) are included.

Only locations that had greater than two data pairs are plotted. As such, plots are not presented
for location SW018.

Location GS10

GS10 shows a fair trend between
increasing Pu and increasing TSS.

N However, no trend is evident between Am
and TSS. This lack of correlation may be
caused by the variability of contamination
levels throughout the drainage and the

T Linear (Pu-239,240: Pre-Closure) a possible existence of localized Am source
areas prior to Site Closure.

-
IS

A Pu-239,240: Post-Closure

© Am-241: Post-Closure

-
o

A Pu-239,240: Pre-Closure

.
o

Am-241: Pre-Closure
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y = 00008 + 0.0611
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Sample Activity [pCi/L]

Note: No post-closure results through
CY 2006 that met the MDA criteria.

o
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Figure 2-128. Variation of Pu and Am with TSS at GS10

Location GS51

GSb51 shows a strong correlation
between increasing Pu activity and
A Pu-239,240: Pre-Closure increasing TSS. The correlation is
strongly influenced by a very high TSS
g value collected during the 903 Pad/Lip

R*= 09881 accelerated actions. No statistically
significant correlation is noted for Am (the
Am result associated with the highest
TSS value was rejected by data
validation).

120

100 +

Am-241: Pre-Closure
A Pu-239,240: Post-Closure
80 +
© Am-241: Post-Closure

—Linear (Pu-239,240: Pre-Closure)

60 +

Sample Activity [pCi/L]

40 +

o7 Note: No post-closure TSS results

through CY 2006.

0 1000 2000 3000 4000 5000 6000 7000 8000
Sample TSS [mg/L]

Figure 2-129. Variation of Pu and Am with TSS at GS51

2! Data are generally presented at varying precision for clarity. Accuracy should not be inferred; both analytical and
flow measurement error have not been quantified in this section.
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Location SW027

SWO027 shows fair correlations between
1 activity and TSS, but are highly influenced
A Pu-239,240: Pre-Closure by Slng|e pOIn'[S

12+ Am-241: Pre-Closure
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Figure 2—130. Variation of Pu and Am with TSS at SW027

Location SW093

SW093 shows no statistically significant
1 correlation between activity and TSS.
A Pu-239,240: Pre-Closure
14
e oo Note: No post-closure TSS results through
4 u-. s 'ost-Closure . .

2 . CY 2006 that met the MDA criteria.
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Figure 2—-131. Variation of Pu and Am with TSS at SW093

2.6.2.2 Correlation of Radionuclides with Flow Rate

Since Pu and Am are transported in surface water in association with particulate matter, and
assuming that higher flow rates tend to transport more sediment, a relationship between activity
and flow rate could be used as an indicator of Pu and Am transport. This section evaluates the
variation of composite sample Pu and Am activity with the corresponding average flow rate.
Plots are presented for selected locations where both Pu and Am data are collected with flow
measurement. Data in plots are further separated by pre- and post-closure periods.

The sample Pu and Am activities are the values obtained through laboratory analysis given in
pCi/L. Only Pu and Am values greater than the MDA (generally 0.015 pCi/L) are included.

22 Data are generally presented at varying precision for clarity. Accuracy should not be inferred; both analytical and
flow measurement error have not been quantified in this section.
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Plots are also presented showing the variability of total U with flow rate. Plots are presented for
all locations where U data are collected with flow measurement. The sample total U activity is
the sum of the isotopic values obtained through laboratory analysis given in pCi/L (U-233,234 +
U-235 + U-238).

The average composite-sample period flow rate (cfs) is calculated as follows:

1. The date and time of each grab sample comprising the composite is obtained from the
monitoring instrumentation.

2. The corresponding flow value for each grab sample is interpolated from the 15-minute
interval flow data. Some samples may not have flow values due to equipment failures and
periodic winter icing conditions.

3. Since each grab sample is of the same volume (200 milliliters [ml]), the interpolated flow
values are arithmetically averaged to obtain the applicable flow for the entire composite
sampling period.

It should be noted that many locations were temporarily influenced by closure activities that
resulted in large areas of disturbed soils susceptible to transport as TSS. Any Pu and Am that
may be associated with these soils would then also be subject to increased transport for the given
flow rate. Only locations that had greater than two data pairs are plotted. As such, post-closure
plots are not presented for location SW018.

Location GS10

GS10 shows no statistically significant
o correlation between Pu and Am activity
4 Pu-239,240: Pre-Closure with flow rate using pre-closure data.

Am-241: Pre-Closure

©

Sample Activity [pCi/L]
w IS @ =) ~

N
>

0 5 10 15 20 25 30 35 40 45 50
Average Sample Flow Rate [cfs]

Figure 2—-132. Variation of Pu and Am with Flow Rate at GS10: Pre-Closure
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GS10 also shows no statistically
significant correlation between Pu and Am
activity with flow rate using post-closure
data.

GS10 shows a visual trend between
decreasing U activity and increasing flow
rate. Baseflow at GS10 is sustained by
ground water seepage to the creek.
Naturally occurring U is associated with
these flows. Therefore, the decrease in U
activity at higher flow rates is likely caused
by dilution from stormwater runoff. The
highest activities are associated with the
lowest flows.

The post-closure results clearly show this
trend, as runoff rates have been
significantly reduced.
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Figure 2-133. Variation of Pu and Am with Flow Rate at GS10: Post-Closure
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Figure 2—-134. Variation of Total Uranium with Flow Rate at GS10
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GS13 shows a good correlation between
decreasing U activity and increasing flow
rate. Baseflow at GS13 is sustained by
ground water seepage and treated
discharge from the Solar Ponds Plume
Treatment System (SPPTS). U is
associated with these flows. Therefore, the
decrease in U activity at higher flow rates
is likely caused by dilution from
stormwater runoff.

Figure 2—135. Variation of Total Uranium with Flow Rate at GS13
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Location GS51
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The single post-closure result shows low
Pu activity in relation to the flow rate
suggesting that remedial actions and
erosion control measures have been
effective.
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Figure 2—-136. Variation of Pu and Am with Flow Rate at GS51

Location SW018

SWO018 shows no statistically significant

correlation between Pu and Am activity

with flow rate using pre-Closure data.

Note: Less than three post-closure results

greater than the MDA through CY 2006.
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Figure 2—-137. Variation of Pu and Am with Flow Rate at SW018

Location SW027

SWO027 shows no statistically significant
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Figure 2—-138. Variation of Pu and Am with Flow Rate at SW027
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Figure 2—-139. Variation of Total Uranium with Flow Rate at SW027

Location SW093

SWO093 shows no statistically significant
1 correlation between Pu and Am activity
[ a with flow rate using pre-closure data.
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Figure 2—-140. Variation of Pu and Am with Flow Rate at SW093: Pre-Closure
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Figure 2-141. Variation of Pu and Am with Flow Rate at SW093: Post-Closure
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SW093 shows a visual trend between
decreasing U activity and increasing flow
rate. Baseflow at SW093 is sustained by
ground water seepage to the creek.
Naturally occurring U is associated with
these flows. Therefore, the decrease in U
activity at higher flow rates is likely caused
by dilution from stormwater runoff.
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W Total Uranium: Post-Closure

Sample Activity [pCi/L]

- The post-closure results clearly show this
trend, as runoff rates have been
. " . significantly reduced.
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Figure 2—-142. Variation of Total Uranium with Flow Rate at SW093

2.6.2.3 Correlation of TSS with Flow Rate

Since many contaminants are transported in surface water in association with particulate matter
(measured as TSS), if a relationship between TSS and flow rate could be established, then flow
could be used as an indicator of contaminant transport. This section evaluates the variation of
composite sample TSS with the corresponding average flow rate. Plots are presented for selected
locations where both flow and TSS data are collected.

The sample TSS is the value obtained through laboratory analysis given in mg/L. TSS analysis is
only performed for composite samples that are collected over a period of less than the TSS hold
time (7 days). Consequently, not all samples collected at the locations evaluated were analyzed
for TSS. Only TSS values greater than the detection limit (generally 5 mg/L) are included. %

The average composite sample period flow rate (cfs) is calculated as follows:

1. The date and time of each grab sample comprising the composite is obtained from the
monitoring instrumentation.

2. The corresponding flow value for each grab sample is interpolated from the 15-minute
interval flow data. Some TSS samples may not have flow values due to equipment failures
and poor flow data due to winter icing conditions.

3. Since each grab sample is of the same volume (200 ml for flow-paced composites and
generally 1 liter for storm-event composites), the interpolated flow values are arithmetically
averaged to obtain the applicable flow for the entire composite sampling period.

It should be noted that many locations were significantly influenced by closure activities that
resulted in large areas of disturbed soils susceptible to transport as TSS. This increased transport
of soil would result in increased TSS for the given flow rate.

% Data are generally presented at varying precision for clarity. Accuracy should not be inferred; both analytical and
flow measurement error have not been quantified in this section.
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Location GS51

GS10 shows no statistically significant
correlation between TSS and flow rate.
GS10 had previously shown a fair
correlation between increasing TSS and
increasing flow rate. This loss of
correlation is due to high TSS at relatively
low flow rates caused by extensive
2004-2005 soil disturbances in the GS10
drainage.

Note: Only one post-closure result
through CY 2006.

Figure 2—143. Variation of TSS with Flow Rate at GS10
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Location SW018

GS51 shows no statistically significant
correlation between TSS and flow rate.

Note: No post-closure results through
CY 2006.

Figure 2-144. Variation of TSS with Flow Rate at GS51
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SWO018 shows no statistically significant
correlation between TSS and flow rate.

Note: No post-closure results through
CY 2006.

Figure 2—145. Variation of TSS with Flow Rate at SW018
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Location SW027

SWO027 shows a weak correlation
between increasing TSS and increasing
flow rate.
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Figure 2—146. Variation of TSS with Flow Rate at SW027

Location SW093

SW093 shows no statistically significant
correlation between TSS and flow rate.
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CY 2006.
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Figure 2-147. Variation of TSS with Flow Rate at SW093

2.7 Investigative Monitoring

When reportable water-quality measurements are detected by surface water monitoring at POEs
or POCs, additional monitoring may be required to identify* the source and evaluate for
mitigating action pursuant to RFCA through the consultative process. This Investigative
Monitoring objective is intended to provide upstream water-quality information should
reportable water-quality values be detected at RFCA POEs or POCs. This group of upstream
monitoring locations have been installed prior to any active source evaluation. Data collection is
generally limited to POE and POC analytes of interest (AOIs) and is intended to be discontinued
once acceptable water quality has been demonstrated at POEs and POCs for an extended period.

 Note that the term “identify” is used here to mean “locate.” Characterization is also implied.
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2.7.1 DataTypes, Frequency, and Collection Protocols

Data collection upstream of POEs and POCs is not limited to the locations below. The Site may
also elect to collect data using other methods, subject to the characteristics of the reportable
water-quality values and through the applicable consultative process.

2.7.1.1 Data Types and Frequencies

The following types of data could also be collected at the Site at specific frequencies:

. Continuous flow data at 15-minute intervals;

. Continuous flow-paced composite samples at location-specific frequencies;
. Isotopic U analytical results from GS05, GS13, and GS59; and
. Isotopic Pu, Am, and TSS analytical results from GS51 and SW018.

Data collection is currently limited to monitoring locations GS05 and GS59 on Woman Creek,
GS13 and SWO018 on North Walnut Creek, and GS51 on areas tributary to the SID. Flow data
and composite samples are collected continuously using automated equipment.

2.7.2 CY 2006 Monitoring Scope

Table 2-43. Investigative Monitoring Locations

Location Code Location Primary Flow Measurement Telemetry
Device
GS05 North Woman Creek at West Site Boundary 9-|r_1c_h Parshall Flume with Yes
weir insert
GS13 North Walnut Creek above Pond A-1 6-inch Parshall Flume Yes
Ditch along abandoned road south of former
GS51 903 Pad just upstream of SID 0.75-foot H-Flume Yes
GS59 Woman Creek 900 feet upstream of Antelope 1 5-foot Parshall Flume Yes
Springs confluence
1-foot Parshall Flume through
SWo18 FC-2 at FC-2 Wetland September 12, 2006; Yes
1-foot H flume installed
September 13, 2006

Table 2-44. Investigative Field Data Collection: Parameters and Frequency

Location Code Flow
GS05 15-min continuous
GS13 15-min continuous
GS51 15-min continuous
GS59 15-min continuous
SWo018 15-min continuous

Note: All locations collect 5- and 15-minute flow data.
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Figure 2-148. CY 2006 Investigative Monitoring Locations

Table 2-45. Investigative Sample Collection Protocols

Location Code Frequency: CY 2006 Actual (Target) Type®
GSO05 6 (8 per year) Continuous flow-paced composites
GS13 8 (8 per year) Continuous flow-paced composites
GS51 1 (8 per year) Continuous flow-paced composites
GS59 6 (8 per year) Continuous flow-paced composites
SWo018 7 (8 per year) Continuous flow-paced composites

*Sample types are defined in Appendix B.

Table 2—-46. Investigative Analytical Targets (Analyses per Year)

Location Pu and Am Uranium TSS
Code CY 2006 Actual (Target) CY 2006 Actual (Target) CY 2006 Actual (Target)
GSO05 NA 6 (8) NA
GS13 NA 8 (8) NA
GS51 1(8) NA 0(8)
GS59 NA 6 (8) NA
SWo018 7 (8) NA 0(8)

Notes: NA = analyte not collected
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2.7.3 Data Evaluation

This Investigative Monitoring objective is intended to provide upstream water-quality
information should reportable water-quality values be detected at RFCA POEs or POCs. Data
evaluation at Investigative Monitoring locations is selected to aid in a specific source evaluation.
These evaluations include, but are not limited to, loading, fate and transport, correlations and
trending, and other statistical evaluation. The DQO decision rule is:

IF Reportable water quality values are observed at a POE or POC (see Sections 2.9 and
2.10) for the applicable RFCA AOIs—

THEN Investigative monitoring data from an appropriate upstream location may be used to
evaluate the reportable POE or POC values, subject to the consultative process.

IF No reportable water quality values are observed at a specific POE or POC for the
applicable RFCA AOiIs for a period of 1 full year—

THEN Analysis of the collected sample(s) from the appropriate tributary upstream location(s)
may be suspended; samples will continue to be collected and held for a period of
6 months for potential analysis should reportable water quality values subsequently be
observed at a POE or POC (subject to the consultative process).

IF No reportable water quality values are observed at a specific POE or POC for the
applicable RFCA AOQIs for a period of 5 consecutive years—

THEN Sample collection from the appropriate tributary upstream location(s) may be
terminated; the ability to resume upstream sampling at these locations, or any other
appropriate location, will be maintained should subsequent reportable water-quality
values be observed at a POE or POC (subject to the consultative process).

Reportable water-quality values were observed only at POE GS10 during CY 2006. A source
evaluation update for GS10 is given in Section 2.9.3.1. No reportable values were observed at all
other POEs and POCs during CY 2006. Analytical data for Investigative Monitoring during the
4th quarter are provided in the appendices; previous data have been presented in previous
quarterly reports.

2.8 Performance Monitoring

2.8.1 Present Landfill Treatment System

This surface water-monitoring objective is intended to determine the short- and long-term
effectiveness of the remedy. These requirements were initially identified in the Final Interim
Measures/Interim Remedial Action (IM/IRA) for IHSS 114 and RCRA Closure of the RFETS
Present Landfill, “Appendix B: Post-Accelerated Action Monitoring and Long-Term
Surveillance and Monitoring Considerations” (DOE 2004), and finalized in the Present Landfill
Monitoring and Maintenance Plan and Post-Closure Plan (PLF M&M Plan; DOE 2006b)
including institutional controls, inspection and maintenance, and environmental monitoring.

As part of PLF closure, a passive seep interception and treatment system (the PLFTS) has been
installed to treat landfill seep water and ground water intercept system (GWIS) water. There are
three sources of influent to the PLFTS: two GWIS pipes and the PLF seep. Effluent from the
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PLFTS eventually flows to the Landfill Pond. This section presents the monitoring data for
PLFTS influent and effluent as well as the Landfill Pond if the PLFTS effluent exceeds surface
water standards. Details regarding surface water monitoring for the PLFTS can be found in the
PLF M&M Plan.

As required by the PLF M&M Plan and detailed in the IMP, PLFTS monitoring requirements
will consist of quarterly sampling until the upcoming Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) 5-year review is complete (August 2007). A
validated exceedance of a PLFTS effluent limit will trigger monthly monitoring for

3 consecutive months. Continued exceedances during the 3-month period will trigger
consultation between the RFCA parties to determine whether a change in the remedy is required,
additional parameters need to be analyzed, or a different sampling frequency is desired.
Continued exceedances will also trigger sampling of the Landfill Pond for those constituent
standards that were exceeded in the PLFTS effluent. If surface water standards are exceeded in
the pond, RFCA parties will be consulted to determine if further sampling is required, if the
water in the pond can flow through the outlet, or if another water management strategy should be
applied.

The GWIS influent (if any) to the PLFTS will also be sampled. The water will be sampled
quarterly for 1 year, and the analytical results will be evaluated by the RFCA parties.

PLFTS sampling locations, data collection protocols, and analyte suites are given in Table 2-47.

Table 2-47. Sampling Locations for PLFTS

Routine Data
Collection

Location
Description

Northern GWIS influent
to the treatment system

Location Code Analytes

VOCs, isotopic uranium, total
and dissolved metals,
nitrate/nitrite, total mercury
VOCs, isotopic uranium, total

GWISINFNORTH Quarterly grab samples

GWISINFSOUTH Southern GWIS influent

to the treatment system

Quarterly grab samples

and dissolved metals,
nitrate/nitrite, total mercury

Landfill seep influent to

Quarterly grab samples;

VOCs, isotopic uranium, total

PLFSEEPINF instantaneous flow rate at and dissolved metals, total

the treatment system

sample event mercury

Effluent from the VOCs, isotopic uranium, total
PLFSYSEFF Quarterly grab samples and dissolved metals, SVOCs,

treatment system

total mercury

PLEPONDEEF East Landfill pond at the | As needed,; triggered by As needed; determined by

downstream (east) end decision rule decision rule

Note: Flow at the seep influent is measured using a ‘bucket-and-stopwatch’ method

Analytical methodologies and reporting limits, data reporting procedures, laboratory quality
assurance/quality control (QA/QC) procedures, and laboratory data validation and contractor
validation procedures are conducted in accordance with U.S. Environmental Protection Agency
(EPA)-approved methods. Samples are submitted to an EPA-approved analytical laboratory for
some or all of the following analysis methods:

e SW-846 Method 8260B—Volatile organic compounds (VOCs)
e  SW-846 Method 6010B—Metals (total and dissolved)
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e SW-846 Method 7470A—Mercury (total)

e SW-846 Method 8270C—Semivolatile organic compounds (SVOCs)
e Alpha Spectrometry—Isotopic uranium

e EPA-600/4-79-020 Method 353.2—Nitrate/nitrite

This objective is intended to evaluate water quality for the inflows to the PLFTS. Monitoring of
the PLFTS effluent is intended to demonstrate compliance with surface water standards.

Generally, analytical data evaluation is performed quarterly as data become available. Analytical
data from the GWIS (GWISINFNORTH and GWISINFSOUTH) and seep (PLFSEEPINF)
influent sources are routinely reported to the RFCA parties. GWIS sampling results will be
reviewed by the RFCA parties after 1 year to determine if further sampling is required. The DQO
decision rule for the PLFTS effluent (PLFSYSEFF) is as follows:

IF Quarterly effluent (PLFSYSEFF) results are greater than surface water standards listed
in the RFCA, Attachment 5, Table 1—

THEN  Sampling frequency will be increased to monthly for 3 consecutive months (increased
sampling, other than the routine quarterly sampling, will be limited to the constituents
that triggered the increased sampling frequency).

IF Monthly effluent results continue to be greater than surface water standards listed in
the RFCA, Attachment 5, Table 1 for 3 consecutive months—
THEN Notify the RFCA parties and sample the Landfill Pond for the constituents that were

greater than the surface water standards during monthly sampling—
ELSE  Discontinue monthly sampling for the constituents that were less than the surface
water standards.

IF Landfill Pond sampling results are greater than surface water standards listed in the
RFCA, Attachment 5, Table 1—

THEN  Consult the RFCA parties to determine if further sampling is required, or if another
water management strategy should be applied (Additional action}—

ELSE  Continue routine quarterly sampling for the constituents that were sampled in the
Landfill Pond.

2.8.1.1 Data Evaluation

Analytical results for the treatment system effluent (PLFSYSEFF) are compared to the
appropriate surface water standards listed in RFCA Attachment 5, Table 1. The following list
details analytes that were greater than the applicable surface water standard during CY 2006,
triggering monthly sampling:

. Phenenthrene

. Antimony (Sb) (total)
. Arsenic (As) (total)

. Barium (Ba) (total)

. Boron (Bo) (total)
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. Cd (dissolved)

. Manganese (Mn)

. Selenium (Se)

. Ag (dissolved)

. Thallium (TI) (total)

The following list details analytes that were greater than the applicable surface water standard for
3 consecutive months during CY 2006, triggering consultation and Landfill Pond sampling:

. As (total)
. Bo (total)
. Mn (total)

Contact records detailing the resolution for each of the above analytes have been generated based
on consultation with the regulators. These contact records can be accessed on the Rocky Flats
web page at the LM website (http://www.Im.doe.gov/land/sites/co/rocky_flats/rocky.htm).

2.8.2 Original Landfill

This surface water-monitoring objective is intended to determine the short- and long-term
effectiveness of the OLF remedy as related to surface water. These requirements were initially
identified in the Final Interim Measure/lnterim Remedial Action for the Original Landfill,
Appendix B: “Post-Accelerated Action Monitoring and Long-Term Surveillance and Monitoring
Considerations” (DOE 2005a), and finalized in the Final Landfill Monitoring and Maintenance
Plan, Rocky Flats Environmental Technology Ste, Original Landfill (OLF M&M Plan;

DOE 2006a), including institutional controls, inspection and maintenance, and environmental
monitoring.

Details regarding surface water monitoring for the OLF can be found in the OLF M&M Plan. As
part of OLF closure, surface water will be monitored at both upgradient and downgradient
locations in Woman Creek (locations GS05 and GS59, respectively). Applicable surface water
standards are listed in RFCA, Attachment 5, Table 1.

As detailed in the IMP, monitoring requirements will consist of quarterly monitoring until the
current CERCLA 5-year review is completed in fall 2007. A validated exceedance of an effluent
limit will trigger monthly monitoring for 3 consecutive months. Continued exceedances during
the 3-month period will trigger consultation between the RFCA parties to determine whether a
change in the remedy is required, additional parameters need to be analyzed, or a different
sampling frequency is required.

OLF sampling locations, data collection protocols, and analyte suites are given in Table 2—-48.
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Table 2-48. Sampling Locations for OLF

Location Code Location Description Routine Data Analytes
Collection

VOCs, isotopic uranium, total

Eﬁgrsa dient] ]\‘/;/rc])gﬁzeCreek at west Quarterly grab samples | and dissolved metals, total
mercury

GS59 Woman Creek 800 feet VOC§, isotopic uranium, total

[downgradient] downstream of the OLF Quarterly grab samples | and dissolved metals, total
mercury

Notes: Flow is measured at 15-minute intervals as part of the Investigative monitoring objective; isotopic U, dissolved
metals, and total metals are currently collected as continuous flow-paced composites using automated samplers, also
as part of Investigative monitoring

Analytical methodologies and reporting limits, data reporting procedures, laboratory QA/QC
procedures, and laboratory data validation and contractor validation procedures are conducted in
accordance with EPA-approved methods. Samples are submitted to an EPA-approved analytical
laboratory for the following analysis methods:

. SW-846 Method 8260B—VOCs

. SW-846 Method 6010B—Metals (total and dissolved)
. SW-846 Method 7470A—Mercury (total)

. Alpha Spectrometry—Isotopic U

This objective is intended to evaluate water quality in Woman Creek by monitoring both
upstream and downstream of the OLF. Monitoring is intended to demonstrate compliance with
surface water standards.

Generally, analytical data evaluation is performed quarterly as data become available. The
surface water DQO decision rule for the OLF is as follows:

IF Quarterly mean concentrations at downstream location GS59 are greater than surface
water standards listed in the RFCA, Attachment 5, Table 1,

AND Quarterly mean concentrations at downstream location GS59 are greater than quarterly
mean concentrations at upstream location GS05—

THEN  Sampling frequency will be increased to monthly for 3 consecutive months for the
constituents that were greater than the surface water standards during quarterly
sampling.

IF Quarterly mean concentrations for monthly sampling at downstream location GS59 are
greater than surface water standards listed in the RFCA, Attachment 5, Table 1,

AND Quarterly mean concentrations for monthly sampling at downstream location GS59 are
greater than quarterly mean concentrations for monthly sampling at upstream location
GS05—

THEN  Consult the RFCA parties to determine whether a change in the remedy is required,
additional parameters need to be analyzed, or a different sampling frequency is
required—

ELSE  Discontinue monthly sampling.
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2.8.2.1 Data Evaluation

Analytical results for GS59 and GS05 are compared to the appropriate surface water standards
listed in RFCA Attachment 5, Table 1. The following list details analytes that were greater than
the applicable surface water standard during CY 2006, triggering monthly sampling:

. As (total)
. Tl (total)

Neither of the above analytes were greater than the applicable standard for three consecutive
samples during CY 2006.

2.9 Point of Evaluation Monitoring

This monitoring objective deals with POE monitoring for adherence with the RFCA ALF.
Responses to reportable values relative to action levels at POEs are different than the responses
associated with contaminated runoff before it reaches Segment 5 or after it enters Segment 4.
Monitoring upgradient of Segment 5 is designed to detect new contaminant sources upstream of
the ponds. Downstream, Segment 4 is monitored at POCs to protect designated uses, ecology,
and public health.

Past data collected during active closure resulted in reportable values for Pu, Am, and total U
under the RFCA action level criteria at the designated POEs. Such reportable values have
required source evaluation and the development of a mitigation plan, when appropriate. These
reportable values have caused the Site to perform special monitoring tailored to the specific
source evaluation and take action upstream of Segment 5 to protect Segment 5 from contaminant
sources that caused the reportable values.

2.9.1 DataTypes, Frequency, and Collection Protocols

The analytical decision inputs are those analytes specified as the Segment 5 AOIs per

Table 2—-49, as sampled at the POEs for Stream Segment 5. RFCA provides specific criteria for
regulated contaminants for the main stream channels of Segment 5. In developing the IMP, the
DQOs identified a subset of contaminants that are of sufficient interest to warrant monitoring
under ALF.

Segment 5 includes North and South Walnut Creek downstream to the terminal ponds, and the
SID downstream to Pond C-2. Monitoring is performed for Stream Segment 5 only as
represented by POEs SW093, SW027, and GS10 (see Figure 2-149).

Sampling for AOls at POEs is performed by collecting continuous flow-paced composite
samples. The recommended monitoring design specified in the IMP is to take samples for

CY 2006 as specified in Table 2-53 and Table 2-54. The intent is to take no less than one
sample per quarter and no more than four composite samples per month from each of the three
monitoring locations.

Table 2—-54 presents the approximate location-specific number of samples per month based on
recommendations by statisticians at Pacific Northwest National Laboratory that worked with the
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DQO working group. There are both practical and statistical advantages to this sample allocation
design. Averaging a larger number of samples is more expensive, but it protects the Site from
regulatory action in response to a spurious, nonrepresentative monitoring result. With the final
closure of the Site in October 2005, targeted sample collection has been somewhat reduced to
account for smaller expected flow volumes.

There are secondary advantages to this monitoring plan. A larger number of samples allows for
estimates of variability that can be used to refine the monitoring plan over time. The monitoring
program specified in the IMP is a technically defensible approach that represents a compromise
between a statistical design, a design based on professional judgment, and a design based on
budgetary constraints. This design is expected to generate data that are representative of
contaminant levels and loads.

Table 2-49. RFCA POE AOQIs

Known carcinogen. Known past measurements have exceeded
Total Pu-239,240 RFCA Action Levels. This provides reasonable cause to expect
future measurements in excess of RFCA Action Levels.

Known renal toxicity. Past measurements provide reasonable
cause to expect future measurements in excess of RFCA Action

Radionuclides Total U-233,234, U-235,

U-238

Levels.

Known carcinogen. Known past measurements have exceeded
Total Am-241 RFCA Action Levels. This provides reasonable cause to expect

future measurements in excess of RFCA Action Levels.

Known to cause berylliosis in susceptible individuals when
Total Be exposed by inhalation. May also cause contact dermatitis. Will

be monitored as an indicator of releases from process and
waste storage areas.

Physiological and dermal toxicity. High level of regulatory
Total Cr concern due, in part to the chromic acid incident of 1989. Low
levels can cause significant ecological damage.

Highly toxic to fish at low levels if chronic. State of Colorado has
temporarily removed its stream standard for silver, while under
study. The study has been completed, and the standard will be
reinstated at the next triennial review of South Platte stream
Dissolved Ag standards, if not before. Used at Rocky Flats only for

Metals photographic development. Routinely accepted by Publicly
Owned Treatment Works as municipal waste, but discharge is
regulated. May be removed from this list later, if data do not
support concern.

Highly toxic to fish at low levels if chronic. Known human
carcinogen (prostate cancer) and depletes physiologic calcium.
Used at Rocky Flats in plating processes. Monitoring data for
Dissolved Cd the Interceptor Trench System (ITS) and the proposed
discharge of untreated ITS waters into Walnut Creek provide
reasonable cause to expect future releases in excess of RFCA
Action Levels.

Required to evaluate metals analyses, due to its effect on

Hardness solubility of these metals.

Required to detect flow events, pace automated samplers,
Real Time evaluate contaminant loads, and plan pond operations and

I Flow . L ;
Monitoring 0 discharges. Affects nearly every decision rule, and is the most
commonly discussed attribute of Rocky Flats surface waters.
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2.9.2 CY 2006 Monitoring Scope

Table 2-50. POE Monitoring Locations

Location , Primary Flow Measurement
Location . Telemetry
Code Device
GS10 South Walnut Creek upstream from the 9-inch Parshall Flume; weir insert Yes
Pond B-1 Bypass installed February 1, 2006

SWo027 SID just upstream of Pond C-2 Dual Parallel 120° V-Notch Weirs Yes

36-inch Suppressed Rectangular
SW093 f’\rlgrrrtlhtrY\e/ a;r:)t:]t dCAn_af Iél?;(;(; feet upstream Sharp-Crested Weir; 3-foot Yes

yp H-Flume installed May 29, 2003

McKay Ditch
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Figure 2-149. CY 2006 Point of Evaluation Monitoring Locations

Table 2-51. POE Field Data Collection: Parameters and Frequency

Location Code Flow

GS10 15-min continuous
SW027 15-min continuous
SW093 15-min continuous

Note: All locations collect 5- and 15-minute flow data.
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Table 2-52. POE Sample Collection Protocols

Location Frequency®: CY 2006 Actual Tvpe?
Code (Target) ype
GS10 17 (21 per year) Continuous flow-paced composites
SWo027 0 (10 per year) Continuous flow-paced composites
SW093 16 (21 per year) Continuous flow-paced composites

®Sample types are defined in Appendix B.

Sample frequency distribution during the year for SW093, GS10, and SW027 (POEs) is given in Table 2-54.

Table 2-53. POE Analytical Targets (Analyses per Year)

Location Di§solved Ag, Total Be, Hardness Pu, U, and Am
Code Dissolved Cd, Total Cr CY 2006 Actual CY 2006 Actual
CY 2006 Actual (Target) (Target) (Target)
GS10 17 (21) 17 (21) 17 (21)
SWo027 0 (10) 0 (10) 0 (10)
SW093 16 (21) 16 (21) 16 (21)
Table 2-54. POE Target Sample Distribution
Month SWO093: CY 2006 | GS10: CY 2006 SWO027: CY 2006 Totals: CY 2006
Actual (Target) Actual (Target) Actual (Target) Actual (Target)
Jan 2006 1(1) 1(1) 0 (0) 22
Feb 2006 1(1) 1(0) 0 (0) 2()
Mar 2006 2(2) 1(2) 0(1) 3(5)
Apr 2006 2(4) 1(4) 0(3) 3(11)
May 2006 2(3) 2(3) 0(2) 4 (8)
Jun 2006 0(2 2(2) 0(1) 2 (5)
Jul 2006 21 3(2 0 (0) 5(3)
Aug 2006 1(2) 2(2) 0 (1) 3(5)
Sep 2006 0(1) 0 (1) 0 (0) 0(2)
Oct 2006 2(2) 3(2) 0(1) 5 (5)
Nov 2006 2(1) 1(2) 0(1) 3(3)
Dec 2006 1(2) 0(1) 0 (0) 1(2)
Totals 16 (21) 17 (21) 0 (10) 33 (52)

2.9.3 DataEvaluation

Sampling for AOlIs at POEs is performed by collecting continuous flow-paced composite
samples. The AOls are evaluated using 12-month rolling averages® or the 85th percentile of

% The 12-month rolling average for the last day of a particular month is calculated as a volume-weighted average of
a “window” of time containing the previous 12 months. Each 12-month “window” includes daily discharge volumes
(measured at the location with a flow meter) and daily activities (from the sample carboy in place at the end of that
day). Therefore, there are twelve 12-month rolling averages for a given calendar year. Days with no flow or no
analytical result, either due to failed laboratory analysis, Non-Sufficient Quantity (NSQ) for analysis, or excessive
DER, are not included. When no discharge has occurred in the last 12 months, no 12-month rolling average is
reported.
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30-day moving averages® for the preceding calendar year, as specified in the IMP. Total Pu, Am,
and U are evaluated using volume-weighted 12-month rolling averages. Total Be and Cr, and
dissolved Ag and Cd are evaluated using the 85th percentile of 30-day moving averages for the
preceding calendar year.

Generally, analytical data evaluation is performed as preliminary data become available. If an
initial qualitative screening indicates that an analytical result is higher than the action level for a
particular AOI, then the compliance values are calculated immediately upon receipt of the
preliminary result. The desired evaluation frequency is semimonthly, within 1 week of the 15th
and last day of any given month. The DQO decision rule is:

IF The volume-weighted 12-month rolling average for any radionuclide AOI, as
represented by samples from the specified RFCA POEs (GS10, SW027, and SW093),
exceeds the appropriate RFCA action level (Table 2-56)—

THEN  The Site must notify EPA and the Colorado Department of Public Health and
Environment (CDPHE), evaluate for source location, and implement mitigating
action” if appropriate.?

IF The 85th percentile of the volume-weighted 30-day moving averages of a given
calendar year for any metals AOlI, as represented by samples from the specified RFCA
POEs (GS10, SW027, and SW093) exceeds the appropriate RFCA action level—

THEN  The Site must notify EPA and CDPHE, evaluate for source location, and implement
mitigating action® if appropriate.?

Table 2-55. POE Monitoring Analytical Data Evaluation

chc?ctj'gn Evaluation Type®
GS10 Radionuclides: 12-M(_)nth Rolling Averages; Loading Analysis
Metals: 85th Percentile of 30-Day Averages for Calendar Year
SW027 Radionuclides: 12-M9nth Rolling Averages; Loading Analysis
Metals: 85th Percentile of 30-Day Averages for Calendar Year
SW093 Radionuclides: 12-Month Rolling Averages; Loading Analysis
Metals: 85th Percentile of 30-Day Averages for Calendar Year

Details on the evaluation of analytical results are given in Appendix B.1. Loading analysis for POEs is given in Section 2.4.

% The 30-day average for a particular day is calculated as a volume-weighted average of a ‘window’ of time
containing the previous 30-days which had flow. Each day has its own discharge volume (measured at the location
with a flow meter) and concentration (analytical result from the sample in place at the end of that day). Therefore,
there are 365 30-day moving average values for a location that flows all year (366 values in a leap year). At
locations that have intermittent flows, 30-day averages are reported as averages of the previous 30 days of greater
than zero flow. Days with no flow or no analytical result, either due to failed laboratory analysis, NSQ for analysis,
or excessive RPD, are not included. When no discharge has occurred in the last 30 days, no 30-day average average
is reported.

2 Mitigating action may include, but not be limited to, the following examples: (1) immediate action to halt a
discharge or contain a spill; or (2) use of upstream monitoring data to seek out and mitigate upstream contaminant
sources.

% RFCA may actually specify consequences for an exceedance of any action level (not just those for AOIs) at any
location within the segment (not just at the consensus monitoring points). This decision rule presents the consensus
decision rule that drives our monitoring activities. It is an implementation, rather than a reiteration, of RFCA.
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Table 2-56. POE Monitoring RFCA Action Levels

Analyte Action Level
Am-241 0.15 pCi/L
Pu-239,240 0.15 pCi/L
Total Uranium 10 pCi/L (GS10 and SW093); 11 pCi/L (SW027)
Total Be 4 ug/L
Dissolved Cd 1.5 pg/L
Total Cr 50 ug/L
Dissolved Ag 0.6 pug/L

Note: The above action levels only apply to calculated compliance values (see Table 2-55)

The following sections include summary tables and plots showing the applicable compliance
values and annual volume-weighted averages for the POE analytes.

The following evaluations include all results that were not rejected through the verification and
validation process. Data are generally presented to decimal places as reported by the laboratories.
Accuracy should not be inferred; minimum detectable concentrations/activities and analytical
error are often greater than the precision presented. When a sample has a corresponding field
duplicate, the value used in calculations is the arithmetic average of the ‘real’ and the “duplicate’
values. When a sample has multiple ‘real” analyses (Site requested ‘reruns’), the value used in
calculations is the arithmetic average of the multiple ‘real’ analyses.”® Total U is calculated by
summing the activities for the analyzed isotopes (U-233,234 + U-235 + U-238).

The methods used for the evaluations are given in Appendix B.1.
2.9.3.1 Location GS10

Monitoring location GS10 is located on South Walnut Creek just upstream of the B-Series
Ponds. Figure 2-23 shows the drainage area for GS10. The central portion of the COU
contributes flow to GS10 through FC-4 and FC-5.

Table 2-57 shows that many of the annual average Pu and Am activities were greater than

0.15 pCi/L during active Site closure, with measurable increases in CY 2004-2005. Source
evaluation for POE GS10 identified runoff from the 903 Pad area as the primary contributor of
Pu and Am load in CY 2004. Source evaluation in CY 2005 for POE GS10 identified solids
transport resulting from the construction of FC-4 and closure actions in the 700 Area as the
primary contributor of Pu and Am load in CY 2005. With the completion of the FCs,
implementation of enhanced erosion controls, revegetation, and soil stabilization, transport of Pu
and Am approaching the action level has been virtually eliminated.

Prior to the Site’s declaration of physical completion on October 13, 2005, demonstration of
compliance for Pu-239,240 and Am-241 concentrations at RFCA POEs used calculated 30-day
average values. Subsequent to the declaration of physical completion, compliance for Pu and Am

# Averaging of real/duplicate and first analysis/reanalsis data pairs is subject to the DER and RPD criteria as
appropriate.
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at POEs is demonstrated using the 12-month rolling average calculation for the last day of each
month, per the 2006 IMP.

Based on results using the 12-month rolling average method (Figure 2-150), the Site notified the
regulators that reportable Pu and Am values had been observed at GS10 in CY 2005. This
notification was triggered by the transition from the 30-day to the 12-month reporting window,
and was provided for information only. All of the analytical results causing the reportable
12-month rolling averages occurred prior to June 11, 2005. Since source evaluation
letters/reports have been previously completed for those results, no additional action is warranted
at this time. Pu and Am were no longer reportable as of February 28, 2006, and April 30, 2006,
respectively.

Figure 2-151 shows that the 12-month rolling averages for total U required reporting during
CY 2006. A source evaluation update for total U at GS10 is given below.

Table 2-57. Annual Volume-Weighted Average Radionuclide Activities at GS10 in CY 1997-2006

Calendar Year Volume-Weighted Average Activity (pCi/L) .
Am-241 Pu-239,240 Total Uranium

1997 0.266 0.260 2.78

1998 0.109 0.158 3.06

1999 0.274 0.139 2.49

2000 0.421 0.195 2.23

2001 0.075 0.080 291

2002 0.087 0.061 2.88

2003 0.117 0.113 2.68

2004 0.136 0.314 2.48

2005 0.185 0.238 8.27

2006 0.010 0.014 13.4

Total (CY 1997-2006) 0.191 0.174 3.18
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Figure 2—-152. Annual Volume-Weighted Average Pu and Am Activities at GS10: CY 1997-2006
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Figure 2-153. Annual Volume-Weighted Average Total Uranium Activities at GS10: CY 1997-2006

Table 2-58 shows that all of the annual average metals concentrations were less than the action
level. Additionally, the long-term metals averages (CY 1997-2006) were less than the action
levels.
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Figure 2-154 shows that none of the compliance values were reportable for Be, Cd, or Ag during
CY 2006.

Table 2-58. Annual Volume-Weighted Average Hardness and Metals Concentrations at GS10 in
CY 1997-2006

Volume-Weighted Average Concentration (ug/L)

Calendar Year Hz[arrndgr}ﬁiss Total Be Dlsscg)c:ved Total Cr Dlsioglved
1997 138 0.50 0.09 4.05 0.11
1998 162 0.15 0.13 3.32 0.20
1999 139 0.16 0.07 4.08 0.15
2000 181 0.21 0.11 3.65 0.11
2001 222 0.32 0.11 5.95 0.11
2002 277 0.24 0.09 5.38 0.10
2003 228 0.22 0.10 6.91 0.12
2004 227 0.60 0.10 13.15 0.13
2005 401 0.88 0.06 17.49 0.15
2006 604 0.50 0.05 0.74 0.10

Total (CY 1997-2006) 207 0.34 0.10 6.38 0.13

Note: Hardness units mg/L.
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Summary of Recent Reportable 12-Month Rolling Total Uranium Values at RFCA Point of
Evaluation GS10

This section addresses the Site’s July 13, 2006, notification of observed reportable
concentrations of uranium in surface water at RFCA POE surface water monitoring location
GS10, which is located in South Walnut Creek upstream of Pond B-1 in the Walnut Creek basin
(Figure 2-149). Reportable U levels continue to be observed at GS10. The Site continues to
evaluate, in coordination with the regulators, the measured U concentrations at GS10.

DOE first became aware of the reportable 12-month rolling averages when all U sample results
were validated on July 6, 2006. To meet the RFCA commitment, DOE transmitted notification to
EPA and CDPHE within the 15-day reporting period, which ended July 21, 2006. In addition,
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RFCA requires that DOE, within 30 days of gaining knowledge of the reportable results, submit
to EPA and CDPHE a source evaluation plan addressing reportable values. The July 13, 2006,
notification letter served as both the comprehensive notice and the plan for that source
evaluation, based on consideration for other evaluative work already performed in this drainage.

The characteristics of the current reportable period for U at GS10 are consistent with those for
the previous reportable period during the summer of 2005. DOE provided notice for that
reportable period on August 16, 2005 (05-DOE-00522).

The calculated 12-month rolling average for total U triggered the reporting requirements under
RFCA Attachment 5, Section 2.4 (B) for April 30 through December 31, 2006 (for details, see
Table 2-59). All data used in the calculation of the 12-month rolling average have been
validated. The end of the reportable period will be determined by subsequent data. Recent
analytical results are listed in Table 2-60.

Table 2-59. Reportable 12-Month Rolling Average Values for RFCA POE Monitoring Location GS10

Analyte Dates of Reportable Values Range of 12-MontPEpF\E:oi/I|I_|;lg Average Values
Total Uranium 4/30/06-to be determined 10.19-13.41

The RFCA action level for total U in Walnut Creek is 10 pCi/L

Table 2-60. Recent Analytical Results for Composite Samples Collected at GS10

Composite Sample Start Date Anal ytic;?;{aelslfjrl?r(][l)lé:r}h)
7/3/2006 8.47
7/10/2006 10.44
7/27/2006 10.41
8/10/2006 9.82
8/30/2006 5.74
10/2/2006 8.66
10/24/2006 11.71
10/28/2006 14.17
11/27/2006 16.94

This evaluation for South Walnut Creek monitoring station GS10 covers data received through
March 12, 2007. Laboratory analyses for two composite samples collected for the periods
January 10—February 8, 2007, and February 8—March 2, 2007, have not been completed. The
composite sample, started on March 2, 2007, is still in progress. The following are included in
this assessment:

. Evaluation of ongoing automated surface water monitoring at GS10;
. Estimation of U loads at GS10; and
. Evaluation of water-quality trends and correlations at GS10.
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Downstream Water Quality Monitoring

Water flowing through GS10 also passes through the lower B-Series Ponds (Ponds B-4 and B-5)
and South Walnut Creek before leaving the Site. RFCA POCs GS08 (Pond B-5 outlet) and GS03
(Walnut Creek at Indiana Street) again monitor this water during Pond B-5 discharges.

Pond B-5 was predischarge sampled on February 28, 2007. Total U concentration for that sample
was 7.82 pCi/L. Pond B-5 was direct-discharged through the outlet to South Walnut Creek
through POC GS08 starting on March 1, 2007, and ending on March 13, 2007. During the
discharge period, six composite samples were collected at both POC GS08 and POC GS03.

GS10 Monitoring Results

As specified in the IMP, the Site currently evaluates 12-month rolling average values for selected
radionuclides at POE surface water monitoring locations. Prior to the Site declaration of physical
completion (October 13, 2005), demonstration of compliance for total U concentrations at RFCA
POEs used calculated 30-day average values. Subsequent to the declaration of physical
completion, compliance for total U at POEs is demonstrated using the agreed upon 12-month
rolling average calculation for the last day of each month. Results for recent 12-month rolling
average values using available data at GS10 are summarized in Table 2-59. Figure 2—156 shows
the calculated compliance values and the individual sample results at GS10 for the previous
calendar year period.

25

=—RFCA Action Level for Total Uranium of 10 pCi/L

B Total Uranium 12-Month Rolling Average
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Figure 2-156. POE Monitoring Station GS10: Compliance Values and Individual Sample Results for Total
Uranium (January 1, 2006—-December 31, 2006)
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All analytical results for the composite samples collected during the period of reportable values
have been validated. A review of historical GS10 monitoring data shows that these results are
measurably higher than those for previous years (Figure 2-157). More recent U results suggest a
possible return to near previously observed levels. The significant reduction in runoff following
Site closure can also be clearly seen in Figure 2-157.
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Figure 2-157. POE Monitoring Station GS10: Hydrograph and Individual Sample Results for Total
Uranium (January 1, 1997-December 31, 2006)

Data Summary and Analysis

The following data evaluation for GS10 includes all surface water data available as of
March 12, 2007. Monitoring data were extracted from the former Soil and Water Database
(SWD) or the current Site Environmental Evaluation for Projects (SEEPro) database. The
following list describes the environmental data compilation process:

. Individual sample result values are calculated as arithmetic averages of real and field
duplicate results when both results are from the same sampling event;®

. When available, Site-requested laboratory reruns are averaged with initial runs for the
same sampling event;

. Laboratory duplicate and replicate QC results are not used,;

. When negative values for actinide measurement are returned from the laboratories due to
blank correction, 0.0 pCi/L is used in the calculations;

% Radionuclide data pairs are averaged when the DER is less than 1.5; sample pairs with DER ratios in excess of 1.5
are not used due to inferred lack of confidence in either result.
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. Only total radionuclide measurements are used; and
. Data that did not pass validation (rejected data) are not used.

Verification and Validation of Surface Water Analytical Results

Prior to Site closure, all surface water isotopic data are either verified or validated, based on
criteria determined by the Kaiser-Hill Analytical Services Division, or at the special request of
the requestor. Approximately 75 percent of all isotopic data are verified and the remaining

25 percent are validated. Validation is typically determined randomly for each subcontracted
laboratory, based on the specific analytical suites. This random validation selection may or may
not routinely include POE or POC locations. However, when reportable values are observed, all
analytical results used in the calculations receive formal validation.

Under current LM procedures, all data are validated prior to being loaded to the SEEPro
database.

High Resolution I nductively Coupled Mass Spectrometry (HR ICP/MS) and Thermal
lonization Mass Spectrometry (TIMS) Analyses

Prior to Site closure, ground water and surface water samples from select locations were sent to
LANL for HR ICP/MS and/or TIMS analyses. These analytical methods measure mass ratios of
four U isotopes (masses 234, 235, 236, and 238). Isotopic ratios provide a signature that
indicates whether and the extent to which the source of U is natural or anthropogenic (man-
made).

In August 2005, South Walnut Creek surface water samples from SW056, SW141, and GS10,
and ground water samples from upgradient wells (91305, 99305, 91203, and 99405) were
evaluated using HR ICP/MS and TIMS. The results indicate that, although concentrations of U
vary widely, all the ground water and surface water locations produce water samples with a
predominantly natural U isotopic signature. Location GS10, however, displayed a higher
percentage of anthropogenic U than the other locations. Concentrations of U in ground water
samples collected in August 2005 from wells located upstream of GS10 vary from less than

5 micrograms per liter (ug/L) at well 91203 (with a 93.4 percent natural U isotopic signature) to
nearly 400 pg/L at well 99405 (with an isotopic signature that is 99.9 percent natural U; a
previous sample from the original well at this location, 99401, produced a sample with a
concentration of just over 650 pg/L U that was 100 percent natural).

The results of all the HR ICP/MS and TIMS analyses are summarized in a report titled
“Quantitative Evaluation of Mixture Components in RFETS Uranium Isotopic Analyses:
Development & Verification/Validation of Calculations using an Excel Spreadsheet” by

Dr. David R. Janecky, LANL (March 2006; included as Attachment 3 to Section 8 of the
Remedial Investigation/Feasibility Study published in June 2006). This report provides a
summary of the HR ICP/MS and TIMS results and calculations of U isotopic mixtures (mixtures
between natural and anthropogenic [enriched and depleted] U). Dr. Janecky’s analysis concludes
that the U at GS10 is dominated by natural U, with a lesser amount of depleted and minimal
enriched U. An earlier sample analyzed by LANL, collected in May 2002, shows a generally
similar isotopic signature, although the relative fraction of anthropogenic U is smaller as shown
in Table 2-61.
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Table 2-61. Uranium Concentrations and Isotopic Signatures from Samples Collected at GS10 as
Reported by LANL

Date Concentration, pg/L % Depleted % Enriched % Natural
5/1/2002 9.6 22.1 0.04 77.8
8/11/2005 13.2 36.2 0.10 63.7

Source: Data are from RI/FS Section 8, Attachment 3, and have been normalized to 100 percent.

The samples from GS10 summarized in Table 2-61 illustrate the isotopic variability of the
mixture of direct runoff and ground water that contributes to surface water flow at this location.
Over longer periods, this variability may have a greater influence on the characteristics of the U
in surface water, both concentration and signature. To fully understand this variability, additional
U data as they relate to the appropriate water-quality action level would need to be evaluated.

Total Uranium at GS10: Data Summary

Figure 2-158 shows the volume-weighted average annual activity-concentrations (concentration
in surface water expressed as activity per unit volume) for total U at GS10 during
CY 1997-2006. A measurable increase in concentration is noted starting in 2005.
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Figure 2—-158. Average Annual Total Uranium Concentrations at GS10: 1997-2006

Annual total U loads (mass) for GS10 in grams are plotted in Figure 2-159 to show long-term
loading at GS10. For 1997-2006, the activity-concentration for each flow-paced composite
sample is multiplied by the associated discharge volume to get pCi, then converted to grams and
totaled annually. Although reportable compliance values were observed during the 2005-2006
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period, and concentrations in Figure 2-158 show a measurable increase, the loads for 2005-2006
are within historical ranges, and measurably lower in CY 2006. This further suggests that the
recently observed increased U concentrations at GS10 may be a result of changing hydrologic
conditions, and not significant increases in the quantity of U reaching the creek.

1000

B Total Uranium
800 -
700 -

637
600 -

631
589
519 501
500 -
430
400 - 379
300 - 279
230

200 -

100 -

0 - T T T T T T T T T

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Load in Grams

Calendar Year

Figure 2-159. Annual Total Uranium Loads at GS10: 1997-2006

Figure 2-160 shows that the higher U concentrations are associated with lower flow rates, during
periods of extended baseflow sustained by ground water contributions.® As the area of
impervious surfaces in the GS10 drainage was reduced by Site closure (i.e., removal of
buildings, asphalt, and concrete), direct runoff to GS10 was also reduced. Similarly, removal of
Site infrastructure likely resulted in reduced baseflow contributions from domestic and sanitary
water leakage.* Therefore, ground water contributions to the creek over the same period
comprised an increasing portion of the flows monitored at GS10. Ground water data from
monitoring wells located near South Walnut Creek show naturally occurring U in concentrations
that are considerably higher than the surface water action level. Without the attenuation of U
from ground water sources by direct runoff and infrastructure leakage, increases in surface water
U concentrations would be expected. More recent U data at GS10 show a noticeable decrease
(Figure 2-156 and Figure 2-157). At this time it is unclear if this represents a seasonal variation
of U in surface water (as has been observed at other locations at the Site), or the return of the
hydrologic conditions in South Walnut Creek to a state of equilibrium following Site closure.®

%! These ground water contributions occur as localized or distributed seeps to the streambed.

%2 Leaks from domestic and sanitary lines are presumed to have lower U concentrations than natural ground water
sources.

% As a result of Site closure, increased infiltration and the use of substantial quantities of dust suppression water can
reasonably be assumed to have affected, at least temporarily, the rate at which ground water is reaching the creek.
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Figure 2—160. Variation of Total Uranium Concentration with Flow Rate at GS10: 1997-2006

Hardness is collected for all composite samples at GS10 to support metals evaluation.

Figure 2-161 shows individual sample results for hardness plotted with flow rate. A measurable
increase in hardness is noted during the recent period of reduced flow rates and increased U
concentrations (see Figure 2-157).** Since ground water generally shows higher hardness than
surface water runoff, these data further suggest an increase in the proportion of ground water in
flows at GS10.

* The measurably higher hardness concentrations starting in 2001 have been attributed to changes in the deicing
products used at Rocky Flats during the winter of 2000-2001.
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Figure 2-161. POE Monitoring Station GS10: Hydrograph and Individual Sample Results for Hardness
(January 1, 1997-December 31, 2006)

Summary and Conclusions

Based on the above evaluation, Site personnel conclude that the recent U activities at GS10 are
likely a result of changing hydrologic conditions (particularly the increasing ground water
component in surface water flows at GS10, relative to conditions that prevailed prior to Site
closure), and that no specific remedial action(s) is indicated at this time. The data do not suggest
a previously unknown localized source(s) of contamination that warrants targeted remediation.
The current conclusions are summarized below:

. Data collected from all terminal pond and fenceline POCs remain below reporting
thresholds for all monitored analytes.

. Recent HR ICP/MS and TIMS analyses for both ground water and surface water samples
collected upstream of GS10 all show a predominantly natural U signature. While the two
analyses of surface water from GS10 indicate the existence of some depleted U, the normal
variability of direct runoff and ground water flow would be expected to strongly influence
the U characteristics, both concentration and signature, over longer periods. To fully
understand this variability, additional U data as they relate to the appropriate water-quality
action level would need to be evaluated.

. Ground water data within South Walnut Creek show naturally occurring U activities
considerably higher than the surface water action level. Baseflow at GS10 is sustained by
ground water expressions in the form of both localized seeps and distributed flow to the
streambed.

. Surface water data from GS10 show that the higher U concentrations are associated with
lower flow rates, during periods of extended baseflow sustained by ground water
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contributions. As the amount of impervious surface at the Site was reduced, direct runoff
to GS10 was also reduced. Similarly, removal of Site infrastructure likely resulted in
reduced baseflow contributions from domestic and sanitary water leakage. Therefore,
ground water contributions to South Walnut Creek now make up a larger portion of the
flows monitored at GS10. Without the attenuation of U ground water sources by direct
runoff and infrastructure leakage, increases in surface water U concentrations would be
expected.

2.9.3.2 Location SW027

Monitoring location SWO027 is located at the end of the SID at the inlet to Pond C-2. Figure 2-50
shows the drainage area for SW027. The southern portion of the COU contributes flow to
SWO027 through the SID.

Table 2-62 shows that the majority of the annual average Pu and Am activities were less than
0.15 pCi/L. The increased CY 2000 Pu activity was the result of a single sample

(May 11-July 17, 2000, 1.03 pCi/L). The significant increase in CY 2004 was the result of
increased solids transport from disturbed areas associated with the 903 Pad/Lip accelerated
actions. In response, the Site aggressively enhanced the pre-existing erosion control program to
further reduce the transport of suspended solids from disturbed areas. With the completion of the
903 Pad/Lip actions, implementation of enhanced erosion controls, revegetation, and soil
stabilization, transport of Pu and Am approaching the action level has been virtually eliminated.
The total U average activities are well below 11 pCi/L.

Figure 2-162 shows no reportable 12-month rolling averages for Pu and Am during CY 2006.
Figure 2-163 shows that the 12-month rolling average for total U was below the action level for
all of CY 2006.

Table 2-62. Annual Volume-Weighted Average Radionuclide Activities at SW027 in CY 1997-2006

Calendar Year Volume-Weighted Average Activity (pCi/L)
Am-241 Pu-239,240 Total U

1997 0.008 0.036 1.484
1998 0.021 0.156 3.445
1999 0.019 0.066 1.897
2000 0.060 0.348 1.100
2001 0.006 0.025 1.327
2002 0.001 0.003 0.531
2003 0.011 0.080 1.701
2004 0.413 2.273 1.050
2005 0.022 0.156 2.341
2006 NoNﬂAow NONﬂAE)W NONﬂAE)W

Total (CY 1997-2006) 0.059 0.330 1.82
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Figure 2-165. Annual Volume-Weighted Average Total Uranium Activities at SW027: CY 1997-2006

Table 2—-63 shows that all of the annual average metals concentrations were less than the action
level. Additionally, the long-term metals averages (CY 1997-2006) were less than the action
levels.
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Since there was no flow at SW027 during CY 2006, no 30-day average metals concentrations are
calculated. Therefore, compliance plots are not presented.

Table 2-63. Annual Volume-Weighted Average Hardness and Metals Concentrations at SW027 in
CY 1997-2006

Volume-Weighted Average Concentration (ug/L)

Calendar Year Hz[ar;]dgr}ﬁ]ss Total Be Dissolved Cd Total Cr Dissolved Ag
1997 112 0.44 0.09 1.71 0.10
1998 152 0.14 0.15 0.91 0.21
1999 111 0.03 0.10 1.55 0.24
2000 150 0.27 0.05 4.14 0.09
2001 145 0.23 0.07 1.82 0.12
2002 114 0.12 0.05 2.88 0.11
2003 148 0.06 0.06 1.75 0.15
2004 133 0.32 0.06 7.36 0.19
2005 236 0.08 0.07 2.03 0.19
2006 NA NA NA NA NA

No flow No flow No flow No flow No flow
Total (CY 1997-2006) 138 0.19 0.09 2.37 0.17

Note: Hardness units mg/L
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Figure 2-166. Annual Volume-Weighted Average Metals and Hardness Concentrations at SW027:
CY 1997-2006
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2.9.3.3 Location SW093

Monitoring location SW093 is located on North Walnut Creek 1,300 feet upstream of the
A-Series Ponds. Figure 2-53 shows the drainage area for SW093. The northern portion of the
COU contributes flow to SW093 through FC-2 and FC-3.

Table 2-64 shows a significant increase in Pu and Am activities during CY 2004. The Pu, and a
portion of the Am, increase in CY 2004 was attributed to increased solids transport from
disturbed areas, especially the B779 area. In response, the Site aggressively enhanced the
pre-existing erosion control program to further reduce the transport of suspended solids from
disturbed areas. The Am increase in CY 2004 was attributed to dust suppression water flows
from the former B771 footing drain. In response, the Site disrupted the drain and eliminated the
pathway in December 2004. The cause of the CY 2005 reportable Pu values (Figure 2-167) was
the construction of FC-2/3 resulting in temporarily increased solids transport. With the
completion of the FCs, elimination of the B771 pathway, implementation of enhanced erosion
controls, revegetation, and soil stabilization, transport of Pu and Am approaching the action level
has been virtually eliminated. The total U average activities are below the 10 pCi/L action level.

Figure 2-167 shows no reportable 12-month rolling averages for Pu and Am during CY 2006.
Figure 2-168 shows that the 12-month rolling average for total U was below the action level for
all of CY 2006.

Table 2-64. Annual Volume-Weighted Average Radionuclide Activities at SW093 in CY 1997-2006

Calendar Year Volume-Weighted Average Activity (pCi/L) .
Am-241 Pu-239,240 Total Uranium

1997 0.035 0.052 2.38

1998 0.020 0.022 2.26

1999 0.025 0.038 1.95

2000 0.022 0.040 2.06

2001 0.011 0.015 2.14

2002 0.017 0.006 2.67

2003 0.039 0.056 2.34

2004 0.622 0.603 2.50

2005 0.029 0.022 3.97

2006 0.004 0.008 5.93

Total (CY 1997-2006) 0.083 0.089 241
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Figure 2-170. Annual Volume-Weighted Average Total Uranium Activities at SW093: CY 1997-2006

Table 2—-65 shows that all of the annual average metals concentrations were less than the action

level. Additionally, the long-term metals averages (CY 1997-2006) were less than the action
levels.
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Figure 2-171 shows that none of the compliance values for metals were reportable during

CY 2006.

Table 2-65. Annual Volume-Weighted Average Hardness and Metals Concentrations at SW093 in

CY 1997-2006

Volume-Weighted Average Concentration (ug/L)

Calendar Year H?r:]dgr}ﬁ]ss Total Be Dls%odlved Total Cr Dlsioglved
1997 168 0.43 0.07 2.36 0.12
1998 184 0.14 0.23 2.22 0.22
1999 152 0.20 0.13 5.08 0.16
2000 231 0.21 0.08 3.94 0.11
2001 247 0.36 0.07 6.49 0.11
2002 365 0.30 0.08 5.95 0.11
2003 257 0.29 0.09 6.88 0.16
2004 315 0.57 0.09 12.05 0.12
2005 337 0.11 0.05 1.92 0.11
2006 564 0.50 0.05 0.82 0.10

Total (CY 1997-2006) 237 0.30 0.11 5.06 0.14

Note: Hardness units mg/L.
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Figure 2-172. Annual Volume-Weighted Average Metals and Hardness Concentrations at SW093:
CY 1997-2006

2.10 Point of Compliance Monitoring

RFCA provides specific standards for Walnut and Woman Creeks below the terminal ponds.
These criteria and the responses to them are different than the criteria and actions associated with
POEs. This section deals only with monitoring discharges at the terminal pond POCs and the
additional POCs at Indiana Street. Terminal pond discharges are monitored by POCs GS08,
GS11, and GS31 (Ponds B-5, A-4, and C-2, respectively). Walnut Creek is monitored at Indiana
Street by POC GS03. Woman Creek is monitored at Indiana Street by POC GS01. These
locations are shown on Figure 2-173.

With the completion of the Woman Creek Reservoir, located just east of Indiana Street and
operated by the city of Westminster, all Woman Creek flows are detained in cells of the reservoir
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until the water quality has been assured by monitoring Woman Creek at Indiana Street. There is
concern that solely monitoring Pond C-2 discharge does not adequately demonstrate that all
water crossing Indiana Street via Woman Creek meets standards. All Woman Creek water, either
combined with Pond C-2 discharge or flowing in the absence of any Pond C-2 water, enters the
Woman Creek Reservoir. This is the basis for setting an additional RFCA POC for Woman
Creek at Indiana Street (GS01) for those radiologic contaminants that could be directly
attributable to the Site (i.e., not naturally occurring).

For Walnut Creek, a similar POC, GS03, has been established on Walnut Creek and Indiana
Street. As with Woman Creek, it is possible that contaminated overland runoff or PLF drainage
may enter Walnut Creek below the terminal pond monitoring points (GS08 and GS11), yet
upstream of Indiana Street.

2.10.1 Data Types, Frequency, and Collection Protocols

The analytical decision inputs are those analytes specified as the POC AQIs (Table 2-66), as
sampled at the POCs. POC monitoring is limited to locations GS01, GS03, GS08, GS11, and
GS31.

Sampling for AOIs at POCs is performed by collecting continuous flow-paced composite
samples. The recommended monitoring design detailed in the IMP is to take samples for

CY 2006 as specified in Table 2-69 and Table 2-70. Flow-paced monitoring is maintained at all
times for all five POCs, although no samples are anticipated from terminal pond locations except
during planned pond discharges.

Historically, terminal pond discharges occurred on average once per year for Pond C-2 and nine
times per year for Ponds A-4 and B-5 combined. Since the DQO process originally targeted three
composite samples per discharge, and taking into consideration the reduction in runoff due to
closure land configuration modifications, the terminal pond POCs target is 20 composite samples
to be collected annually.

For CY 2006 planning purposes for Walnut Creek, eight samples were to be collected from
Pond A-4, and seven from Pond B-5, targeting the collection of 15 composite samples (see
Table 2-70).

The source(s) of the water sampled at the Indiana Street POCs (GS01 and GS03) must be
determined prior to sample planning at these locations. Monitoring at GS01 and GS03 calls for
samples to be segregated based on water origin (natural creek flows or terminal pond discharges
commingled with natural flows).

POC GSO0L1 targets five samples during each Pond C-2 discharge; storm runoff and baseflow
samples are based on average annual volumes. During storm runoff and baseflow, the target at
GSO01 is 29 samples per year (frequency based on expected discharge), with a maximum of four
samples during any one month (see Table 2-70). GS03 targets 15 samples during Pond A-4 and
Pond B-5 discharges (GS03 collects the same number of composite samples as the terminal pond
POCs for each discharge). During storm runoff and baseflow periods between pond discharges,
GSO03 targets two composite samples every 15 days. The goal is to have at least two analytical
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results for any 30-day period for averaging purposes. The Site may combine samples of the same
flow pacing to reduce analytical costs and avoid samples of non-sufficient quantity for analysis.

Table 2-66. RFCA POC AOQIs

Radionuclides:

Total Pu-239,240

Known carcinogen. Known past measurements have exceeded
RFCA Standards. This provides reasonable cause to expect
future measurements in excess of RFCA Standards.

Total Am-241

Known carcinogen. Known past measurements have exceeded
RFCA Standards. This provides reasonable cause to expect
future measurements in excess of RFCA Standards.

Total U-233,234;

Known renal toxicity. Past measurements provide reasonable
cause to expect future measurements in excess of RFCA

U-235; U-238 Standards.
Required to detect flow events, pace automatic samplers,
Real Time Flow evaluate contaminant loads, and plan pond operations and
Monitoring: discharges. Affects nearly every decision rule, and is the most

commonly discussed attribute of Site surface waters.

2.10.2 CY 2006 Monitoring Scope

Table 2-67. POC Monitoring Locations
ch::élgn Location Primary Flow Measurement Device Telemetry

GS11 Pond A-4 outlet works 24-inch Parshall Flume Yes
GS08 Pond B-5 outlet works 24-inch Parshall Flume Yes
GS31 Pond C-2 outlet works 24-inch Parshall Flume Yes

6-inch and 36-inch Parallel Parshall
GS03 Walnut Creek and Indiana Street Flumes; 3-foot HL-Flume installed Yes

February 12, 2003

. 9-inch Parshall Flume; 18-inch Parshall

GS01 Woman Creek and Indiana Street flume starting on March 25, 1999 Yes

U.S. Department of Energy
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Figure 2-173. CY 2006 Point of Compliance Monitoring Locations

Table 2-68. POC Field Data Collection: Parameters and Frequency

Location Code Parameter Flow
GS01 15-min continuous
GS03 15-min continuous
GS08 15-min continuous
GS11 15-min continuous
GS31 15-min continuous

Note: All locations collect both 5- and 15-minute interval flow data.

Table 2-69. POC Sample Collection Protocols

Location Code Frequency: CY 2006 Actual (Target) Type?
GS01 9 (29 per year) Continuous flow-paced composites
GS03 0 (36 per year) Continuous flow-paced composites
GS08 0 (7 per year) Continuous flow-paced composites
GS11 0 (8 per year) Continuous flow-paced composites
GS31 0 (5 per year) Continuous flow-paced composites

“Sample types are defined in Appendix B.
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Table 2-70. POC Target Sample Distribution

Pond: CY 2006 Actual VY?&?;;;&??:‘S?I V\{sg?ggacsrfreez?t Total Nu mbgr
Time (Target) [GS03]: [GS01]: of Samples:
Period A-4 B5 | c2 | cY2006Actual CY 2006 Actual 2009
[GS11] | [GSO08] | [GS31] (Target) (Target) (Target)
During Discharge 0(8) 0 0 (5) 0 (15) 0 (5) 0 (40)
Storm and Baseflow®
January 2006 NA NA NA 0(2) 1(2) 1(4)
February 2006 NA NA NA 0(2) 3(2) 3(4)
March 2006 NA NA NA 0(2) 3 (4) 3 (6)
April 2006 NA NA NA 0(3) 1(4) 1(7)
May 2006 NA NA NA 0 (1) 0 (4) 0 (5)
June 2006 NA NA NA 0@3) 0 (1) 0 (4)
July 2006 NA NA NA 0(2) 0 (1) 0(@3)
August 2006 NA NA NA 0(2) 0 (1) 0@3)
September 2006 NA NA NA 0(2) 0(1) 0(3)
October 2006 NA NA NA 0(1) 0(1) 0(2)
November 2006 NA NA NA 0(1) 0(1) 0(2)
December 2006 NA NA NA 0 (0) 1(2) 1(2)
Annual Totals 0 (8) 0(7) 0 (5) 0 (36) 9 (29) 9 (85)

Notes: NA = not applicable

Table 2-71. POC Analytical Targets (Analyses per Year)

. TSS% CY 2006 Actual Pu, U, Am: CY 2006 Actual
Location Code
(Target) (Target)
GSo01 1(24) 9 (28)
GS03 0(21) 0 (36)
GS08 NA 0(7)
GS11 NA 0(8)
GS31 NA 0(5)

"|deally, TSS would be analyzed for all runoff samples collected at the Indiana Street locations.

However, continuous flow-paced sampling protocols often result in composite samples which are
collected over periods exceeding the 7-day hold time for TSS analyses. Therefore, TSS cannot be
analyzed for all continuous flow-paced composite samples, but will be analyzed when possible.
NA = analyte not collected
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2.10.3 Data Evaluation

Sampling for AOIs at POCs is performed by collecting continuous flow-paced composite
samples. These AOIs are evaluated using volume-weighted 30-day or 12-month rolling averages,
as specified in the IMP. Prior to final Site closure (October 13, 2005), total Pu, Am, and U were
evaluated using volume-weighted 30-day moving averages at all POCs.** After

October 13, 2005, total Pu, Am, and U are evaluated using volume-weighted 30-day averages at
the Indiana Street POCs and 12-month rolling averages* at the terminal pond POCs.

Generally, analytical data evaluation is performed as data become available. If an initial
qualitative screening indicates that an analytical result is higher than the standard for a particular
AOI, then the compliance values are calculated immediately. If the compliance values are
reportable, then validation is requested for all data packages used in the calculation. The desired
evaluation frequency is semimonthly, within 1 week of the 15th and last day of any given month.
RFCA requires that the DOE Rocky Flats Project Office (RFPO) inform regulators within

15 days of DOE-RFPO gaining knowledge (not just a suspicion) that an exceedance (verified)
has (actually) occurred. The DQO decision rule is:

IF The volume-weighted 30-day (Indiana Street POCs) or 12-month rolling (Terminal
Pond POCs) average for any AOI in Stream Segment 4, as represented by samples
from the specified RFCA POCs (i.e., Terminal Pond discharges and Indiana Street)
exceeds the appropriate RFCA standard (Table 2-73)—

THEN  The Site must:

— Notify EPA, CDPHE, and either Broomfield or Westminster, whichever is
affected,

— Submit a plan and schedule to evaluate for source location, and implement
mitigating action if appropriate; and

— The Site may receive a notice of violation.

% The 30-day average for a particular day is calculated as a volume-weighted average of a ‘window’ of time
containing the previous 30 days which had both flow and an analytical result. Each day has its own discharge
volume (measured at the location with a flow meter) and activity (analytical result from the sample in place at the
end of that day). Therefore, there are 365 30-day moving averages for a location which flows all year (366 in a leap
year). At locations which monitor pond discharges or have intermittent flows, 30-day averages are calculated as
averages of the previous 30 days of greater than zero flow. For days where no activity is available, either due to
failed lab analysis, excessive DER, or NSQ for analysis, no 30-day average is reported.

% The 12-month rolling average for the last day of a particular month is calculated as a volume-weighted average of
a “window” of time containing the previous 12 months. Each 12-month “window” includes daily discharge volumes
(measured at the location with a flow meter) and daily activities (from the sample carboy in place at the end of that
day). Therefore, there are twelve 12-month rolling averages for a given calendar year. Days with no flow or no
analytical result, either due to failed laboratory analysis, NSQ for analysis, or excessive DER, are not included in the
calculation. When no discharge has occurred in the last 12 months, no 12-month rolling average is reported.
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Table 2-72. POC Monitoring Analytical Data Evaluation

Location Code Evaluation Type?
GS01 30-Day Volume-Weighted Moving Averages; Loading Analysis
GS03 30-Day Volume-Weighted Moving Averages; Loading Analysis
GS08 12-Month Rolling Averages; Loading Analysis
GS11 12-Month Rolling Averages; Loading Analysis
GS31 12-Month Rolling Averages; Loading Analysis

Details on the evaluation of analytical results are given in Appendix B.1: Data Evaluation Methods. Loading analysis for
POCs is given in Section 2.4.

Table 2-73. POC Monitoring RFCA Standards

Analyte Standard
Am-241 0.15 pCi/L
Pu-239,240 0.15 pCi/lL
Total U 10 pCi/L (Walnut Creek); 11 pCi/L (Woman Creek)

Note: The above standards only apply to 30-day and 12-month rolling average values.
Comparisons to other values are provided for reference only.

The following sections include summary tables and plots showing the 30-day averages, periodic
volume-weighted averages, and 12-month rolling averages for the POC analytes.

The following evaluations include all results that were not rejected through the verification and
validation process. Data are generally presented to decimal places as reported by the laboratories.
Accuracy should not be inferred; minimum detectable concentrations/activities and analytical
error are often greater than the precision presented. When a sample has a corresponding field
duplicate, the value used in calculations is the arithmetic average of the ‘real’ and the *duplicate’
values. When a sample has multiple ‘real’ analyses (Site requested ‘reruns’), the value used in
calculations is the arithmetic average of the multiple ‘real’ analyses. Total U is calculated by
summing the activities for the analyzed isotopes (U-233,234 + U-235 + U-238). The methods
used for the evaluations are given in Appendix B.1. The loading analysis for the POCs is
presented in Section 2.4.

2.10.3.1 Location GS01

Monitoring location GSO01 is located on Woman Creek at Indiana Street. Figure 2-11 shows the
drainage area for GSO1. The Woman Creek headwaters, the southern portion of the COU, and
Pond C-2 contribute flow to GSO01.

Table 2-74 shows that all of the annual average Pu and Am activities were well below the

0.15 pCi/L standard. Additionally, the long-term Pu and Am averages (CY 1997-2006) are well
below the 0.15 pCi/L standard. The average total U activities are all well below the 11 pCi/L
standard. Figure 2-174 through Figure 2-177 show no occurrences of reportable values.*

%7 Collection of U data at POCs GS01 and GS03 began in CY 2003.
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Table 2-74. Annual Volume-Weighted Average Radionuclide Activities at GSO1 in CY 1997-2006

Calendar Year Volume-Weighted Average Activity (pCi/L)
Am-241 Pu-239,240 Total U

1997 0.003 0.007 NA
1998 0.006 0.006 NA
1999 0.005 0.008 NA
2000 0.004 0.003 NA
2001 0.004 0.006 NA
2002 0.002 0.001 NA
2003 0.002 0.004 1.24
2004 0.003 0.002 3.56
2005 0.004 0.003 2.50
2006 0.012 0.003 4.76

Total (CY 1997-2006) 0.004 0.005 2.15

Notes: NA = analyte not collected; collection of total U data began on February 3, 2003.
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Figure 2-175. Volume-Weighted 30-Day Average Pu and Am Activities at GS01: CY 1997-2006
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Figure 2—-177. Volume-Weighted 30-Day Average Total Uranium Activities at GS01: CY 2003-2006
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Figure 2-178. Annual Volume-Weighted Average Pu and Am Activities at GS01: CY 1997-2006
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Figure 2-179. Annual Volume-Weighted Average Total Uranium Activities at GS01: CY 2003-2006

2.10.3.2 Location GS03

Monitoring location GS03 is located on Walnut Creek at Indiana Street. Figure 2—14 shows the
drainage area for GS03. The Walnut Creek headwaters, the majority of the COU, Pond A-4, and
Pond B-5 contribute flow to GS03.

Table 2-75 shows that all of the annual average Pu and Am activities were well below the

0.15 pCi/L standard. Additionally, the long-term Pu and Am averages (CY 1997-2006) are well
below the 0.15 pCi/L standard. The average total U activities are all well below the 10 pCi/L
standard.

There was no flow at GS03 during CY 2006. Therefore, compliance plots for CY 2006 are not
presented. Figure 2-180 and Figure 2—181 show no occurrences of reportable values during
CY 1997-2006. The slight increase in CY 2005 Am activities is due to the discharge of treated
Pond A-4 water with Am activities slightly higher than normal.
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Table 2-75. Annual Volume-Weighted Average Radionuclide Activities at GS03 in CY 1997-2006

Calendar Year Volume-Weighted Average Activity (pCi/L)
Am-241 Pu-239,240 Total U
1997 0.014 0.026 NA
1998 0.010 0.014 NA
1999 0.009 0.015 NA
2000 0.007 0.005 NA
2001 0.005 0.009 NA
2002 0.006 0.012 NA
2003 0.005 0.006 1.79
2004 0.008 0.008 1.76
2005 0.022 0.008 3.95
2006 NoNﬂAEJW NoNﬂAow NONﬂAE)W
Total (CY 1997-2006) 0.009 0.013 2.22

Notes: NA = analyte not collected; collection of total U data began on November 5, 2002.
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Figure 2-181. Volume-Weighted 30-Day Average Total Uranium Activities at GS03: CY 2003-2006
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Figure 2-182. Annual Volume-Weighted Average Pu and Am Activities at GS03: CY 1997-2006
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Figure 2-183. Annual Volume-Weighted Average Total Uranium Activities at GS03: CY 2003-2006

2.10.3.3 Location GS08

Monitoring location GS08 is located on South Walnut Creek at the outlet of Pond B-5.
Figure 2-20 shows the drainage area for GS08. The central portion of the COU contributes flow
to GS08.

Table 2-76 shows that all of the annual average Pu and Am activities were below the 0.15 pCi/L
standard. Additionally, the long-term Pu and Am averages (CY 1997-2006) are well below the
0.15 pCi/L standard. The average U activities are all well below the 10 pCi/L standard.

Figure 2-184 and Figure 2-185 show no occurrences of reportable values during CY 2006.
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Table 2-76. Annual Volume-Weighted Average Radionuclide Activities at GS08 in CY 1997-2006

Calendar Year Volume-Weighted Average Activity (pCi/L)
Am-241 Pu-239,240 Total U
1997 0.008 0.006 1.69
1998 0.006 0.008 2.33
1999 0.015 0.046 1.38
2000 0.029 0.047 0.93
2001 0.004 0.006 1.24
2002 0.003 0.002 0.68
2003 0.006 0.026 1.37
2004 0.009 0.009 1.24
2005 0.021 0.008 6.11
2006 NA NA NA
No B-5 discharge No B-5 discharge No B-5 discharge
Total (CY 1997-2006) 0.012 0.022 1.60

0.16
0141 A Pu-239,240 12m Rolling
¢ Am-241 12m Rolling
0.12 -
= RFCA Standard for Pu-239,240 and Am-241 of 0.15 pCi/L
= 0.1 4
(@)
o
£
> 0.08 1 Gaps in 12-month rolling averages
> are for periods of zero discharge or
£ 0.06 | no analytical results.
A A
0.04 -
0.02 < <
A A e @ ° °
0+ e A A e e e
© © © © © © © © © © © © © ©o © © © © © © © © © © © © ©
o o o o o o o o o o o o o o o o o o o o o o o o o o o
9 B & & ®© § &6 9 ® K o9 ¥ & d & 9 ® N © ¥ & & O o O K oo
5 d 8 4 84 4d4 9 F & 5 § 5 d x I Q d o9& 4 o84 53 9 353 2 D @
— — N N ™ (2] < [Te) © ~ ~ [e] [e] o o — o - — - o~ N
— — — —
Date
Figure 2-184. Pu and Am Compliance Values at GS08: CY 2006
U.S. Department of Energy Rocky Flats Annual Report of Site Surveillance and Maintenance Activities
April 2007 Doc. No. S0296000

Page 2-197




12
10
B Total Uranium 12m Rolling
. 81 =—RFCA Standard for Total Uranium of 10 pCi/L
b
o
£ 6 ™ ™ [ ] ]
P
2
3]
< ] ]
4 4
] ]
2 | Gaps in 12-month rolling averages
are for periods of zero discharge or
no analytical results.
L L L L L o N e LI e s o
© © © © © © © © © © © © © © © © © © © © © © © © © © ©
o o o o o o o o o o o o o o o o o o o o o o o
d B & § & & 6 o ® K 49 F§ & & 686 08 ® KR o ¥ & 48 v o o =K 49
9 & @ 4 & 4 8 3F & 5 & o d & d Q@ g4 & d4 a4 5 d& g 2 9 9 @
- — N ~N o o™ < Te} © ~ ~ @ @ (=2} [} - o — - - N N
— i - -
Date
Figure 2—-185. Total Uranium Compliance Values at GS08: CY 2006
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Figure 2-186. Annual Volume-Weighted Average Pu and Am Activities at GS08: CY 1997-2006
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Figure 2-187. Annual Volume-Weighted Average Total Uranium Activities at GS08: CY 1997-2006

2.10.3.4 Location GS11

Monitoring location GS11 is located on North Walnut Creek at the outlet of Pond A-4.
Figure 2-26 shows the drainage area for GS11. The northern portion of the COU contributes
flow to GS11.

Table 2-77 shows that all of the annual average Pu and Am activities were well below the
0.15 pCi/L standard. Additionally, the long-term Pu and Am averages (CY 1997-2006) are well
below the 0.15 pCi/L standard. The average U activities are all well below the 10 pCi/L standard.

Figure 2-188 and Figure 2-189 show no occurrences of reportable values during CY 2006.
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Table 2-77. Annual Volume-Weighted Average Radionuclide Activities at GS11 in CY 1997-2006

Calendar Year Volume-Weighted Average Activity (pCi/L)
Am-241 Pu-239,240 Total U
1997 0.005 0.008 1.82
1998 0.011 0.004 2.18
1999 0.003 0.007 1.76
2000 0.001 0.018 2.45
2001 0.003 0.002 2.89
2002 0.003 0.000 2.29
2003 0.003 0.002 291
2004 0.006 0.002 2.71
2005 0.022 0.002 1.78
2006 NA NA NA
No A-4 discharge No A-4 discharge No A-4 discharge
Total (CY 1997-2006) 0.006 0.006 2.19
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Figure 2—-188. Pu and Am Compliance Values at GS11: CY 2006
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Figure 2—-189. Total Uranium Compliance Values at GS11: CY 2006
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Figure 2-191. Annual Volume-Weighted Average Total Uranium Activities at GS11: CY 1997-2006

2.10.3.5 Location GS31

Monitoring location GS31 is located on Woman Creek at the outlet of Pond C-2. Figure 2—-35
shows the drainage area for GS31. The southern portion of the COU contributes flow to GS31.

Table 2-78 shows that all of the annual average Pu and Am activities were below the 0.15 pCi/L
standard. Additionally, the long-term Pu and Am averages (CY 1997-2006) are below the
0.15 pCi/L standard. The average U activities are all well below the 11 pCi/L standard.

Figure 2-192 and Figure 2—-193 show no occurrences of reportable values during CY 2006.
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Table 2-78. Annual Volume-Weighted Average Radionuclide Activities at GS31 in CY 1997-2006

Calendar Year

Volume-Weighted Average Activity (pCi/L)

Am-241 Pu-239,240 Total U

1997 0.008 0.017 2.10

1998 0.018 0.003 2.53

1999 0.010 0.043 2.70

2000 NA NA NA
No C-2 discharge No C-2 discharge No C-2 discharge

2001 0.013 0.021 1.25

2002 0.015 0.089 2.43

2003 0.006 0.015 1.62

2004 0.010 0.021 1.65

2005 0.008 0.020 4.07

2006 NA NA NA
No C-2 discharge No C-2 discharge No C-2 discharge

Total (CY 1997-2006) 0.011 0.019 2.13
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Figure 2-192. Pu and Am Compliance Values at GS31: CY 2006
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Figure 2-194. Annual Volume-Weighted Average Pu and Am Activities at GS31: CY 1997-2006
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Figure 2-195. Annual Volume-Weighted Average Total Uranium Activities at GS31: CY 1997-2006

2.11 Non-POC Monitoring in Walnut Creek

The monitoring described in this section is intended to evaluate nitrate concentrations in Walnut
Creek during terminal pond discharges.

2.11.1 Data Types, Frequency, and Collection Protocols

Nitrate analysis in lower Walnut Creek will be performed for the same pond discharge samples
collected under the POC monitoring objective (Section 2.10). Annual sample collection targets
for the Walnut Creek POCs are given in Table 2-70.

Non-POC nitrate monitoring will be confined to samples taken during the terminal pond
discharges at GS11, GS08, and GS03 (Table 2-79).

2.11.1.1 Data Types and Frequencies

The following types of data could also be collected at the Site at specific frequencies:

. Nitrate, as sampled for at the Walnut Creek Non-POC locations GS03, GS08, and GS11
during terminal pond discharges only;

. Source of the water sampled. Monitoring at Indiana Street Non-POC location GS03 calls
for samples to be segregated based on water origin (natural creek flows or terminal pond
discharges commingled with natural flows);

. Samples collected will be continuous flow-paced composites; and
. Flow-paced monitoring is maintained at all times for the Non-POC locations.
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2.11.1.2 Boundaries

The two types of boundaries are as follows:

. Spatial: Data collection is limited to Non-POC monitoring locations GS03, GS08, and
GS11; and

. Temporal: Data are collected continuously, during terminal pond discharges only, using
automated equipment.

2.11.2 CY 2006 Monitoring Scope

Table 2-79. Non-POC Monitoring Locations

ch:cz)aélgn Location Primary Flow Measurement Device Telemetry
. 6-inch and 36-inch Parallel Parshall Flumes; 3-foot
GS03 Walnut Creek and Indiana Street HL-Flume installed February 12, 2003 Yes
GS11 Pond A-4 outlet works 24-inch Parshall Flume Yes
GS08 Pond B-5 outlet works 24-inch Parshall Flume Yes
Table 2-80. Non-POC Field Data Collection: Parameters and Frequency
Location Code Parameter Flow
GS03 15-min continuous
GS08 15-min continuous
GS11 15-min continuous
Note: All locations collect both 5- and 15-minute interval flow data.
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Figure 2-196. CY 2006 Non-POC Monitoring Locations

Table 2-81. Non-POC Sample Collection Protocols

ch::élgn Frequency: CY 2006 Actual (Target) Type®
GS03 0 (15 per year?) Continuous flow-paced composites
GS08 0 (7 per year®) Continuous flow-paced composites
GS11 0 (8 per year?) Continuous flow-paced composites

Sample types are defined in Appendix B.

2.11.3 Data Evaluation

Sampling for nitrate at the Non-POC locations is performed by collecting continuous flow-paced
composite samples during pond discharges. Nitrate will be evaluated using the 85th percentile of
the 30-day averages for a calendar year at GS03 and 12-month rolling averages at GS08 and
GS11.

Generally, analytical data evaluation is performed as data become available. If an initial
qualitative screening indicates that an analytical result is higher than the standard, then the
compliance values are calculated immediately. If the compliance values are reportable, then
validation is requested for all data packages used in the calculation. The desired evaluation
frequency is semimonthly, within 1 week of the 15th and last day of any given month. RFCA
requires that DOE-RFPO inform regulators within 15 days of DOE-RFPO gaining knowledge
(not just a suspicion) that an exceedance (verified) has (actually) occurred. The DQO decision
rule is:
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THEN

The volume-weighted 12-month rolling average for nitrate, as represented by samples
from the specified terminal pond Non-POC monitoring locations (GS08 and GS11),
exceeds the appropriate RFCA standard—

The Site must notify EPA and CDPHE within 15 days of DOE-RFPO gaining
knowledge that an exceedance (verified) has occurred to initiate the consultative
process.

The 85th percentile of the volume-weighted 30-day moving averages of a given
calendar year for nitrate, as represented by samples from Non-POC monitoring location
GS03 exceeds the appropriate RFCA standard—

The Site must notify EPA and CDPHE within 15 days of DOE-RFPO gaining
knowledge that an exceedance (verified) has occurred to initiate the consultative
process.

Table 2-82. POC Monitoring Analytical Data Evaluation

Location Code Evaluation Type®
GS03 85th Percentile of 30-Day Averages for Calendar Year
GS08 12-Month Rolling Averages
GS11 12-Month Rolling Averages

"Details on the evaluation of analytical results are given in Appendix B.1: Data Evaluation Methods

Table 2-83. POC Monitoring RFCA Standards

Analyte Standard
Nitrate 10 mg/L

Note: The above standard only applies to 30-day and 12-month rolling average values.
Comparisons to other values are provided for reference only.

The Site analyzes samples for nitrate+nitrite as N, and conservatively compares the results
to the nitrate standard.

No terminal pond discharges occurred during CY 2006. Therefore, no data were collected and no
evaluation is presented in this report.
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3.0 Ground Water Monitoring

This section discusses ground water monitoring and presents interpretations resulting from these
activities in 2006. Section 3.1 presents an overview of routine monitoring activities. Section 3.2
summarizes nonroutine monitoring activities. Discussion and interpretation of the results of
ground water monitoring are provided in Section 3.3, which focuses on the water quality and
flow at the more notable ground water contaminant plumes at the Site and the water quality and
maintenance at the ground water treatment systems associated with contaminant plumes. The
PLF and OLF are addressed in Section 3.4. Section 3.5 summarizes some of the ground water-
affecting activities and events that took place, as well as selected studies performed on Site
ground water. References are included in Section 8.0.

Appendix B.3 includes previously published Seasonal-Kendall (S-K) trend plots from the second
quarterly report for 2006 (DOE 2006g) as well as these plots for the fourth quarterly report.
Appendix A.3 contains water level data from 2006, and Appendix A.4 contains corresponding
hydrographs.

Ground water was monitored in 2006 in accordance with the 2006 IMP (DOE 2006c¢, 2006d).
The 2006 IMP dictates the monitoring and data evaluation reported herein; the 2007 Annual
Report will comply with RFLMA.

The ground water section of this 2006 Annual Report is written with two primary objectives:

1. Provide summary discussion and interpretation of ground water results obtained in 2006
from IMP locations; and

2. Incorporate additional content that may be most relevant to long-term monitoring
objectives at the Site.

Upon acceptance of RFLMA, the monitoring will be performed under Attachment 2 to that
document (DOE 2007b).

In keeping with the annual report for 2005 (DOE 2006e), references to the Site and to the subject
of ground water monitoring will honor the name (e.g., RFP, RFETS, and RFS) and form of the
term (ground water vs. groundwater) used in each reference cited.

Note also that discussions of ground water analytical data are focused on the IMP-defined data
set, which contains data from January 1, 2000, to the end of the reporting period—in this case,
through December 31, 2006. In addition, unless otherwise noted these discussions consider only
results from “Field” samples (previously referred to as “REAL” samples in the SWD)—not field
duplicates or laboratory duplicates, for example—and data that are rejected or not validated are
excluded. Those seeking additional detail in the analytical data are referred to previously
published documents, such as the quarterly reports (DOE 2006f, 2006g, 2007d) and

Appendix B.6.
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3.1 Routine Ground Water Monitoring Activities of 2006

Routine activities of the ground water monitoring program in 2006 included sample collection,
water level measurement, and well maintenance (particularly the development or redevelopment
of monitoring wells).

The program also performed special, nonroutine monitoring discussed in Section 3.2 to support
various objectives. Analytical data and other information generated via routine and nonroutine
sampling have been reported in the corresponding quarterly reports (DOE 2006f, 2006g, 2007d)
and Appendix B.6.

The network of monitoring wells did not change during 2006 (i.e., no additional wells were
monitored, and none were removed from the network). However, physical conditions at one well
did degrade over the course of the year. Monitoring at well 45605, installed within a slump block
that developed over the course of the year south of former B991, was accelerated in order to
collect more data before the well no longer functions. The slump is addressed in more detail in
Section 3.5.1.

The ground water closure network devised by the IMP (K-H 2005d, DOE 2006c¢) is subdivided
and categorized as shown in Table 3—-1. A summary of additional modifications, as initially
recommended by the Water Working Group and subsequently incorporated in Attachment 2 of
RFLMA (DOE 2007b), is presented in Table 3—2. Upon acceptance and implementation of these
recommendations, the well network would be reduced in size by roughly 20 percent.
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Figure 3-1. Rocky Flats Site IMP Ground Water Monitoring Locations: End of CY 2006
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Table 3-1. IMP Classifications for the 2006 Ground Water Monitoring Network (K-H 2006c¢)
Well C Number Monitoring
Classification General Objective of Wells Frequency
Monitor ground water quality and water levels in a Semiannual
AOC drainage downgradient of a contaminant plume or group 7
(2x/year)
of plumes
Monitor ground water quality and water levels in Woman
Boundary Creek and Walnut Creek drainages at eastern 2 Annual (1x/year)
(downgradient) Site boundary
. Monitor ground water quality and water levels near Semiannual
Sentinel . . . 32
contaminant plume edges and in drainages (2x/year)
Monitor ground water quality and water levels in or near Biennial (1x/ever
Evaluation contaminant source areas and in the former Industrial 40 5 y
Area years)
Monitor ground water quality and water levels upgradient
RCRA and downgradient of the PLF and the OLF 10 Quarterly (4x/year)
L Monitor ground water quality and/or water levels in .
Decision Doc . . L 9 Varies
accordance with published decision documents
Water Level Mon_ltor ground water Ievels_ (n_ot water quality) in areas 26 Semiannual
lacking coverage or of special interest (2xlyear)
Treatment Monitor quality of ground water treatment system influent, 10 Semiannual
System? effluent, and downgradient surface water (2x/year)
Surface Water Monitor quality of surface water downgradient of 2 Semiannual
Support® contaminant plume (2xlyear)

“Treatment System and Surface Water Support locations are not monitoring wells but are included for completeness.

Note: AOC = Area of Concern, RCRA = Resource Conservation and Recovery Act, Decision Doc = Decision Document.

U.S. Department of Energy
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Table 3-2. Additional Proposed Modifications to the Monitoring Network

Well / Location Area Current IMP Classification Suggested Disposition
0487 oul Decision Document Abandon
1786 SPPTS Decision Document Abandon
3586 MSPTS Decision Document Abandon
4787 oul Decision Document Abandon
4887 oul Decision Document Abandon
10992 oul Decision Document Abandon
11092 oul Decision Document Abandon
15199 MSPTS Water Level Abandon
15299 MSPTS Water Level Abandon
15399 MSPTS Water Level Abandon
15499 MSPTS Water Level Abandon
15599 MSPTS Water Level Abandon
15799 MSPTS Water Level Abandon
16199 MSPTS Water Level Declassify
16299 MSPTS Water Level Declassify
16399 MSPTS Water Level Declassify
16499 MSPTS Water Level Declassify
16599 MSPTS Water Level Declassify
70299 SPPTS Decision Document Abandon?
70799 SPPTS Water Level Declassify
70899 SPPTS Water Level Declassify
70999 SPPTS Water Level Declassify
71099 SPPTS Water Level Declassify
95699 ETPTS Water Level Declassify
95799 ETPTS Water Level Declassify
95899 ETPTS Water Level Declassify
SPPMMO02 SPPTS Treatment System Replace with SPIN®
Eeregel ™ [ouL | pecison Documen e e )
oy (ees Topers [ sonne e e )

Notes: Except as noted, these are recommended by the Water Working Group during development of the 2005 IMP.

®Well 70299 and well 70099 were both considered for retention or abandonment. The Working Group recommended one be
retained; well 70299 was ultimately selected. However, data evaluations indicate well 70099 responds more quickly to changes in
water quality, and may be the best candidate for retention; therefore, well 70099 is proposed for retention and 70299 abandonment
as indicated above.

°(Not discussed during IMP development) SPPMMO02 is intended to represent system influent. However, location SPIN more
accurately represents this water, as it is the well in which the pump is located. The decision document predates installation of that
well, and specifies influent sampling at nearby piezometer 71099 (a.k.a. SPPMMO02).

OU1 = Operable Unit 1 (881 Hillside); SPPTS = Solar Ponds Plume Treatment System; MSPTS = Mound Site Plume Treatment
System; ETPTS = East Trenches Plume Treatment System.

Declassify = remove from routine monitoring and eliminate monitoring requirements, but retain for troubleshooting purposes.

Table 3-3 presents the 2006 schedule for routine sample collection, a subset of which are
summarized in Table 3—4 as those scheduled samples that were not successfully collected
(e.g., due to dry conditions.) Corresponding analytical results are published in the associated
quarterly reports (DOE 2006f, 2006g, 2007d) and Appendix B.6.
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Table 3-3. Summary of Scheduled Routine Ground Water Sampling in CY 2006 (by Quarter)

Location Analytes

ID IMP Class VOC U Nitrate Metals Pu/Am alB sSvoC
0487 DD 1,234
1786 DD 2,4 2,4
3586 DD 2,4 2,4 2,4 2,4
3687 E 2
4087 S 2,4 2,4 2,4
4787 DD 2,4
4887 DD 2,4
00191 E 2
00193 AOC 2,4 2,4
00203 E 2 2 2
00491 E 2
00797 S 2,4 2,4
00897 E 2
00997 AOC 2,4 2,4 2,4
03991 E 2
04091 S 2,4
05691 E 2
07391 E 2 2
10304 AOC 2,4 2,4 2,4
10394 B 2 2 2
10594 AOC 2,4 2,4 2,4
10992 DD 2,4
11092 DD 2,4
11104 AOC 2,4 2,4
11502 S 2,4 2,4
15699 S 2,4
18199 E 2
20205 S 2,4 2,4 2,4
20505 S 2,4 2,4 2,4
20705 S 2,4 2,4 2,4 2,4
20902 E 2
21505 E 2
22205 E 2 2 2
22996 E 2 2
23296 S 2,4 2,4
30002 S 2,4
30900 E 2
33502 E 2
33604 E 2
33703 S 2,4
33905 E 2
37405 S 2,4 2,4 2,4 2,4
37505 S 2,4 2,4 2,4
37705 S 2,4 2,4 2,4 2,4
40005 E 2 2
40205 E 2 2

U.S. Department of Energy
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Table 3-3 (continued). Summary of Scheduled Routine Ground Water Sampling in CY 2006 (by Quarter)

Location Analytes
ID IMP Class VOC U Nitrate Metals Pu/Am alB sSvoC
40305 S 2,4 2,4
41691 B 2 2 2
42505 AOC 2,4
45605 S 2,4
50299 E 2
51605 S 2,4 2,4
52505 S 2,4
55905 E 2 2 2
56305 E 2 2 2
70099 DD 2,4 2,4
70193 RCRA 1,2,3,4 1,2,3,4
70299 S 2,4 2,4
70393 RCRA 1,2,34 1,234
70693 RCRA 1,2,34 1,234
70705 E 2 2
73005 RCRA 1,2,3,4 1,2,3,4
73105 RCRA 1,2,3,4 1,234
73205 RCRA 1,234 1,234
79102 E 2 2 2
79202 E 2 2 2
79302 E 2 2
79402 E 2 2
79502 E 2 2
79605 E 2 2
80005 RCRA 1,2,34 1,2,34 1,234
80105 RCRA 1,2,34 1,234 1,234
80205 RCRA 1,2,3,4 1,2,3,4 1,2,3,4
88104 S 2,4 2,4
88205 E 2 2
89104 AOC 2,4
891WEL DD 1,234
90299 S 2,4
90399 S 2,4
90402 E 2
90804 E 2
91105 E 2
91203 S 2,4
91305 S 2,4 2,4 2,4
95099 S 2,4
95199 S 2,4
95299 S 2,4
99305 S 2,4 2,4 2,4
99405 S 2,4 2,4 2,4
B206989 S 2,4 2,4 2,4
B210489 E 2 2
P114689 E 2
P115589 E 2
P208989 E 2 2 2
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Table 3-3 (continued). Summary of Scheduled Routine Ground Water Sampling in CY 2006 (by Quarter)

Location Analytes
ID IMP Class VOC U Nitrate Metals Pu/Am alB sSvoC
P210089 S 2,4 2,4 2,4
P210189 E 2 2 2
P416589 RCRA 12,34 12,34 12,34
P416889 E 2 2
P419689 E 2 2
TH046992 S 2,4
MOUND R1-0 TS 2,4 2,4 2,4 2,4
MOUND R2-E TS 2,4 2,4 2,4 2,4
GS10 TS 2,4
ET INFLUENT TS 2,4
ET EFFLUENT TS 2,4
POM2 TS 2,4
SPPMMO02 TS 2,4 2,4
SPPMMO01 TS 2,4 2,4
SPP DIS GAL TS 2,4 2,4
GS13 TS 2,4 2,4
POMS3 SS 2,4
SwWo018 SS 2,4
Notes:

ID = Identification (name) of well/sampling location
IMP = Integrated Monitoring Plan
IMP classifications: AOC = Area of Concern; B = Boundary; S = Sentinel; E = Evaluation; DD = Decision Document;

RCRA = Resource Conservation and Recovery Act; TS = Treatment System; SS = Surface Water Support.

2 (or other numeral) = Analyte requested; if blank, analyte not requested

U.S. Department of Energy
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Table 3-4. Summary of Samples Not Successfully Collected

Location Analytes
ID IMP Class VOC U Nitrate Metals Pu/Am alB SvOoC
4087 S 2,4 2,4 2,4
4787 DD 2,4
4887 DD 2,4
04091 S 4
07391 E 22
11092 DD 2,4
73005 RCRA 3 3
88104 S 4
90299 S 2
95199 S 4
95299 S 2,4
P416589 RCRA 3
SPPMMO02 TS 4 4
GS13 TS 2
POM3® SS 2,4

Notes:

#Analyte successfully collected in 3rd quarter.

®Location is to be sampled in coordination with CDPHE, who did not request sampling in 2006.

Most unsuccessful attempts to collect samples were due to dry conditions.

ID = Identification (name) of well/sampling location

IMP = Integrated Monitoring Plan

IMP classifications: AOC = Area of Concern; B = Boundary; S = Sentinel; E = Evaluation; DD = Decision Document;

RCRA = Resource Conservation and Recovery Act; TS = Treatment System; SS = Surface Water Support.

2 (or other numeral) = Analyte requested during the quarter indicated by the numeral, but not successfully collected; if blank, analyte
not requested.

3.2 Nonroutine Ground Water Monitoring Activities of 2006

Nonroutine ground water monitoring was performed in 2006 in support of several data needs:
. Confirmatory sampling

. Accelerated sampling

. Investigative sampling

Confirmatory samples were collected in 2006 from Boundary well 41601. The nitrate
concentration in a sample from this well (located at the intersection of Walnut Creek and Indiana
Street) was reported at 470 mg/L, which is several orders of magnitude higher than normal (it is
typically much less than 1 mg/L). The concentration reported for the confirmatory sample,

0.024 mg/L (B-qualified—there was nitrate present in the blank), confirmed the 470 mg/L result
to be an outlier. Therefore, that datapoint will not be used in water quality assessments at

well 41691.

Accelerated sampling may be performed if a data need is urgent, or if there is reason to believe
the location to be sampled will be inaccessible during its normally scheduled sampling. The
latter was the case at well 45605, which is installed within the active slump that is associated
with former French drain outfall location SW056, south of former B991. This slump was first
identified in January 2006 (DOE 2006f, 2006g, 2007d). As the slump developed over the course
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of the year, the condition of the well grew increasingly precarious. Sampling of the well was
accelerated to enable the collection of additional water quality data should the well no longer
function.

Investigative sampling may be performed when additional data needs are identified that will not
be satisfied by the routine monitoring schedule. In 2006, this was most clearly applicable to the
Solar Ponds Plume Treatment System (SPPTS). Water quality data collected after a valve
adjustment in May 2005 showed elevated nitrate in the system effluent. Subsequent valve
adjustments were made, and samples collected to track their effects on effluent water quality.
While improved, nitrate treatment was still inadequate and additional measures were taken.
Nonroutine samples were collected throughout these efforts to evaluate their effects on effluent
water quality in general and nitrate concentrations in particular. The topic of the SPPTS is
discussed in greater detail in Sections 3.3.2.3 and 3.5.2.

Another application of investigative sampling was the continuation of the no-purge sampling
evaluation begun in late 2005 (see DOE 2006e for additional discussion). This topic is addressed
in Section 3.5.2,

All Evaluation wells were scheduled for sampling in the second quarter of 2006. In some cases
this could be considered nonroutine, as these wells are routinely sampled every other year and
most had been sampled in 2005. However, in this case sampling of Evaluation wells in 2006 is
considered routine sampling, and is summarized in Table 3—-3 of Section 3.1. The full set of
Evaluation wells was sampled (along with the other wells) to meet two objectives:

. The results would represent the first comprehensive post-closure analytical data set for
ground water (i.e., all Site wells scheduled for analytical sampling would be represented);
and

. Sampling all Evaluation wells together effectively resets their schedules so that in the
future they will all be sampled together, in the same quarter of the same year.

3.3 Description of Current Ground Water at the RFS

This section presents a summary evaluation of ground water quality and flow at the RFS during
2006. Ground water quality is addressed first, followed by interpretations of ground water flow.
Included in the discussion of water quality are descriptions of the behavior of and any notable
activities at the ground water treatment systems during 2006.

3.3.1 Trend Plots

Numerous statistical trend plots were constructed using analytical data collected from Sentinel
wells as a part of this report and for the report on the second quarter (DOE 2006g). These are
presented in Appendix B.3. Plots were also constructed for locations associated with the SPPTS,
and are discussed separately in Section 3.3.2.3.

The Sanitas™ software package (version 8.6; NIC 2005) was used for statistical calculations,
including the construction of trend plots. (This is noted for the purpose of completeness only;
this report does not make any software recommendations.) For simplicity, because the
fundamental objective of Sentinel wells is to monitor plume edges and ahead of plumes, and
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because no interwell statistics were planned (only intrawell assessment of the trend of an analyte
over time at each given well), all wells were assigned downgradient positions.

Trends were calculated and plotted using the S-K statistical method, as recommended for Rocky
Flats ground water data (K-H 2004e) and in accordance with the IMP (DOE 2006c¢). Trends were
only plotted for selected VOCs, nitrate, and U. Of the VOCs, those analytes represented by
numerous detections above the RFCA action level were included in trend calculations. For U,
isotopic data from a given date at a given well were converted to mass and then summed to
provide the “total” U concentration.

There were many instances in the database of multiple U results on the same date at the same
well (representing any or all of the following: isotopic analysis providing results in activity units,
isotopic analysis providing results in mass units, total U analysis via a metals analytical method,
total U via a total U analytical method, filtered sample, unfiltered sample). Before trends were
calculated, these were winnowed to a single result on each given date. Factors that were
evaluated in selecting the result for statistical use included:

. Filtration status;

. Validation qualifier(s);

. Lab qualifier(s); and

. Other U results from the well.

Because most samples were filtered, where both sample results were provided the filtered result
was preferred for reasons of consistency. Similarly, where two very different results were
presented, that most similar to other results from the well was retained. When the results were
assigned different lab or validation qualifiers, that with the qualifier indicating it to be most
representative was selected. (For example, if one result was assigned a lab qualifier and the other
had no qualifier, and the validation on both was the same, the unqualified result was retained.)
For the remaining instances of multiple results, the higher value was typically selected unless
professional judgment did not support this decision.

Data from original wells were grouped with those from replacement wells to form a data set on
which the statistics were based. This may prove to be inappropriate. As more data are collected,
the populations from original and replacement wells may prove to be discontinuous, suggesting
data from the original well(s) be removed from statistical assessments of the ground water data.
This determination will be made as the post-closure data set gets large enough to allow such an
evaluation. Therefore, it should be stressed that trends calculated for these wells may be
misleading in that they may be strongly affected by well replacement, as opposed to reflecting
only ground water geochemistry and hydrology.

The IMP (DOE 2006c¢) instructs that nondetects be replaced by zeroes when performing
statistical assessments. However, to calculate trends the data cannot contain zeroes. Therefore,
instead of zeroes, nondetects were replaced with a value of 0.001. The Sanitas™ program
generally incorporates nondetects in calculations at one-half the listed value, which in this case
would be 0.0005. Likewise, the program cannot perform the necessary statistical calculations if
negative numbers are included in the results, as is occasionally the case with results for U
isotopes and other radionuclides. Following conversion of isotopic activities to masses and
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summation, the resulting sum was on a few occasions negative; these results were also replaced
with 0.001.

No data replacements were made for some questionable results that warrant additional inspection
prior to any conclusions being made. In particular, this applies to results for methylene chloride
that are B-qualified, signifying the presence of blank contamination. As this compound is a
commonly used laboratory solvent, B-qualified results should be carefully reviewed alongside
corresponding detection limits, concentrations in the blanks, and other relevant data before
basing any decisions on them. However, as shown by the S-K trend plots none of the methylene
chloride trends are increasing with a 95 percent level of significance.

Table 3-5 summarizes the results of the S-K trend plots. Refer to Appendix B.3 for the plots and
associated summary information, and Figure 3—1 for well locations. Significant trends are
discussed later in this section in the context of their respective ground water contaminant plumes.

Additional data will be collected to further refine the trend plots. Given that the bulk of the data
at all locations listed was collected before the Site was closed and in many cases is from wells
that have since been replaced, some change in slope is to be expected as the hydrologic and
geochemical systems stabilize. For a cross-walk of original and replacement wells, refer to the
IMP (DOE 2006c¢: Appendix B, Table B-4).

3.3.2 Ground Water Plumeswith Treatment Systems

Ground water quality data were obtained for all monitored areas in 2006. Analytical data have
been published in quarterly reports issued for 2006 (DOE 2006f, 20069, 2007d), plus
Appendix B.6, and will not be duplicated here. Appendix B.3 includes the S-K trend plots that
were contained within those documents and S-K trend plots for 4CQ06.

Ground water quality at the Site was largely consistent in 2006 with data reported in prior years.
Ground water plumes that were identified and characterized through the decades of pre-closure
ground water monitoring at the Site do not appear to have been greatly affected during 2006 by
the closure of the Site. This is to be expected; 2006 was a relatively dry year, and additional time
will be required for the ground water regime to equilibrate to post-closure conditions.

Although obvious, it is worth stressing that the reduction in size and density of the ground water
monitoring network compared to that operating prior to Site closure does not permit the
assessment of small-scale changes in plume configuration, nor in many other local-scale
attributes. This is consistent with the vision and design of the closure network, which was never
intended to provide the level of detail afforded by the extremely dense well network existing in
past years.

This section describes the general ground water quality in various areas of interest across the
Site. Descriptions of activities and conditions in 2006 at the three ground water contaminant
plume treatment systems are also provided. Refer to previously published quarterly reports
(DOE 2006f, 20069, 2007d) and Appendix B.6 for any data that may be of special interest.
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Table 3-5. Summary of Seasonal Kendall Trend Calculations for Sentinel Wells

Well General Location Analyte Trend Significant at 95%?
00797 B881 U Increasing Yes
4087 East of PLF U Decreasing No
04091 East Trenches Plume Carbon tetrachloride Decreasing Yes
04091 East Trenches Plume Methylene chloride No slope No
04091 East Trenches Plume PCE Decreasing No
15699 MSPTS 1,1-DCE Decreasing No
15699 MSPTS Chloroform Decreasing No
15699 MSPTS Methylene chloride Decreasing Yes
15699 MSPTS PCE Decreasing No
15699 MSPTS TCE Decreasing No
15699 MSPTS Vinyl chloride No slope No
20705 B771 Cis-1,2-DCE Increasing No
20705 B771 TCE No slope No
20705 B771 U Increasing Yes
23296 ETPTS Carbon tetrachloride Decreasing Yes
23296 ETPTS Chloroform Decreasing Yes
23296 ETPTS Cis-1,2-DCE Increasing Yes
23296 ETPTS Methylene chloride Decreasing Yes
23296 ETPTS PCE Decreasing Yes
23296 ETPTS TCE Decreasing No
37705 B371 Nitrate Increasing No
40305 B444 Methylene chloride No slope Yes
40305 B444 TCE Decreasing Yes
51605 North Walnut Creek U Increasing Yes
70299 SPPTS Nitrate Decreasing Yes
88104 B881 U Decreasing Yes
90299 903 Pad/Ryan’s Pit Plume Carbon tetrachloride Decreasing No
90299 903 Pad/Ryan’s Pit Plume PCE No slope No
90299 903 Pad/Ryan’s Pit Plume TCE Decreasing Yes
90399 903 Pad/Ryan’s Pit Plume Carbon tetrachloride Decreasing No
90399 903 Pad/Ryan’s Pit Plume Methylene chloride No slope No
95099 ETPTS Carbon tetrachloride No slope No
95099 ETPTS Chloroform No slope Yes
95099 ETPTS Methylene chloride No slope Yes
95199 ETPTS Cis-1,2-DCE Decreasing No
95199 ETPTS Methylene chloride No slope Yes
99305 B991 1,1-DCE No slope No
99305 B991 Cis-1,2-DCE Increasing No
99305 B991 PCE Increasing No
99305 B991 Vinyl chloride No slope No
99305 B991 U Increasing No
99405 B991 PCE No slope No
99405 B991 TCE No slope No
99405 B991 U Decreasing No
B206989 East of PLF Carbon tetrachloride No slope No
B206989 East of PLF Chloroform No slope No
Notes:

Trends are listed if there is an 80% statistical significance; any decisions that may be made would be based on trends having a

95% significance.

Bold entries designate those trends having a 95% significance.
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3.3.2.1 Mound Plume and Treatment System

The Mound Plume (a.k.a. Mound Site Plume) is located north of the former 903 Pad. The source
of the plume is a former drum storage area (“the Mound”) that was in use in the 1950s. Some of
the drums leaked, creating a ground water contaminant plume extending northward toward South
Walnut Creek. The drums were removed in 1970, and contaminated soils were removed in 1997.
The following paragraphs describe the plume and treatment system installed to address the
ground water contamination.

Mound Plume

The Mound Plume is characterized by elevated concentrations of tetrachloroethene (PCE) and
trichloroethene (TCE). The source area is very near Oil Burn Pit (OBP) #2, source of another
VOC plume, which is discussed separately below.

The ground water sample collected from Evaluation well 00897 in 2006 contained
concentrations of VOCs that were generally consistent with previous data. These results continue
to support a possible (and modest) decrease in concentrations, as suggested in the 2005 Annual
Report (DOE 2006e). However, the aerobic conditions in ground water here and elsewhere
across the Site hamper more rapid biodegradation of the parent products (PCE and TCE).
Figure 3-2 displays concentrations of PCE, TCE, and cis-1,2- dichloroethene (DCE) in ground
water samples from well 00897. PCE in this well has ranged 11,500 pg/L to 26,000 pg/L from
2000 through 2004; in a sample collected in May 2006 it was reported at 13,000 pg/L. TCE has
ranged from 1,170 pg/L to 1,800 pg/L over the same period, and in the May 2006 sample it was
reported at 1,100 pg/L. Cis-1,2-DCE was reported at a concentration of 49 pg/L (estimated) in
May 2006, from a range of 47.2-89.1 pg/L (estimated) over the same period. Additional data
will be required to confirm any decreasing trend, but such a long-term pattern is expected
following the source excavation in 1997.

Downgradient of this source-area well, the plume is monitored by Sentinel well 15699 and
Decision Document well 3586, but the Mound Site Plume Treatment System (MSPTS) intercept
trench collects Mound plume ground water and diverts it to the treatment cells upgradient of
these wells. Ground water at wells 15699 and 3586 is therefore physically separated from the
main body of the plume. VOCs were detected in ground water samples from well 15699 during
2006, and primarily included PCE and its degradation byproducts, TCE, cis-1,2-DCE, and
1,1-DCE, as well as low concentrations of vinyl chloride. Well 3586 reported only very low
concentrations of 1,1-dichloroethane (DCA) and cis- and trans-1,2-DCE.
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Figure 3-2. Concentrations of PCE, TCE, and cis-1,2-DCE in Well 00897

Figure 3-3 displays concentrations of PCE, TCE, cis-1,2-DCE, and 1,1-DCE in samples from
well 15699. (Refer to DOE 2006f, 2006g, 2007d, and Appendix B.6 for additional analytical
data.) Clearly evident in this figure is the strong correlation among concentrations of these
constituents, with the relative concentration of each mirroring its position in the degradation
pathway of PCE. With successive dechlorination, PCE is transformed to TCE and then to cis-
1,2-DCE and 1,1-DCE (K-H 2004a). With more active biodegradation of chlorinated solvents in
the Mound Plume, one would expect to see a relative increase of daughter products and a
corresponding decrease in concentrations of parent products. Instead, the lock-step pattern of
these constituent concentrations indicates a low rate of biodegradation over the time period
displayed. This is consistent with conclusions made in previous studies of biodegradation in this
area (e.g., K-H 2004a) and as noted in the discussion above regarding well 00897.
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Figure 3—-3. VOCs in Samples from Sentinel Well 15699

S-K trend plots for well 15699 (see Appendix B.3, as well as Section 3.3.1 and Table 3-5) show
a statistically significant (95 percent) decreasing trend for methylene chloride in well 15699.
However, this is an artificial conclusion, as all data reported since 2001 have been nondetects.

Mound Site Plume Treatment System

The MSPTS was the first ground water intercept/treatment system to incorporate zero-valent iron
(ZV1) installed at the Site, and is actually among the first of its type in the world. This work was
completed in 1998.

Routine maintenance activities performed at the MSPTS in 2006 included weekly raking of the
media and inspection of influent and effluent flow conditions, and calibration of the flow
monitoring instrumentation. Raking is performed to break up the crust that develops on the
surface of the media. In July and August of 2006, due to the development of a much thicker
oxidized crust on the surface of the ZVI, reduction in media permeability, and increasing
concentrations of VOCs in system effluent (DOE 2006e), the ZVI media was replaced.

Media replacement was made difficult by the fact that the media in the west (upgradient) cell had
become bound into a solid mass by the iron oxyhydroxides and other precipitates that had
formed. Heavy equipment was required to break up and remove the spent media, and the process
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took several weeks; Figure 3—4 includes photographs showing the replacement activity in
progress.

While the heavy equipment was present, additional automated instrumentation was installed at
the MSPTS to support maintenance and operation of this system. Depth to water in the intercept
trench and both cells is now measured, as are the influent flow rate and line pressure and the
volume of water treated. Instruments are controlled and all plumbing is now routed through a
small vault situated between the two treatment cells. (A similar instrumentation vault was
installed earlier at the East Trenches Plume Treatment System [ETPTS], as discussed below.)
Data from these instruments are accessed via the internet and are used to monitor and enhance
the performance of the system.

Figure 3—5 summarizes data from this instrumentation since it was activated on August 18, 2006,
through the end of 2006.

In addition to these instrumentation upgrades, the plumbing at the treatment cells was upgraded
to afford an upflow condition within each cell (i.e., such that the influent water would move
upward through the media and exit at the top of the cell, rather than moving downward through
the media). Flow direction was not changed to upflow, but this configuration may be used in the
future if there are indications that it would extend the life of the media and/or enhance treatment
of the water.

Left: Using a backhoe to break up the solidified ZVI media. Right: Once broken up, the media had to be hand-loaded into the
backhoe bucket; additional safety requirements included harness and man-lift, ventilation hoses, and personal protective equipment.

Figure 3—-4. Media Replacement at the MSPTS

Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy
Doc. No. S0296000 April 2007
Page 3-18



Rocky Flats Mound: 1. Main
Depth to Water {ft) Plot Lakest Total Yolume Treated Since Aug 18, 06 {gal) EIE] e
9+ 215645 -
- DTW_CT_R_fAv|6.51757 200000 - TotalFlow _In: F|z 18643
—*\,\\\ DThi_TCL o |4.16146
DTW_TC2_ft_a [4.15638
. 150000 -
4- jf; 100000 -
2] 50000 -
05 1 [ 1 ey ! 0
2:00:00 AM 5:00:00 PM 12:00:00 &M 12:00:00 AM  6:00:00 PH 12:00:00 AM
8/1)2005 104312006 112007 &/1/2006 10712006 112007
Ig"“e“t Flow Rate (gpm) Plat Latest Ing'jent Line Pressure (psi) Plat Latest
FlowRate_In_g|0.5579 Line_PSI_In_8a|1.50897
2.5- 2535
2- 23
1.5- 1.5-
1- 15
0.5- 055
o= | 1 i 0-) 1 1 n
12:00:00 AM S:O0000FM  12:00:00 AM 2 UTHIID A SHUMODRYY 20000 £
Copoyright & \ista Enginesring 2004-06

Notes: Upper left graph: DTW = depth to water in feet below measuring point. CT = collection (intercept) trench, TC1 and TC2 =
treatment cells 1 (west) and 2 (east), respectively. Upper right graph: gal = gallons. Lower left graph: gpm = gallons per
minute. Lower right graph: psi = pounds per square inch measured in the line feeding cell 1.

Figure 3-5. Data Display From Automated Instrumentation Installed at the MSPTS

Prior to the media replacement and installation of the instrumentation vault, the MSPTS
exfiltration gallery was replaced. The original exfiltration line had been buried during the final
Site regrading activities and construction of FC-4 in this area, and water was not discharging
properly. The old line was removed and replaced with a new line that discharges to a gravel bed
near FC-4; cleanout ports were also installed to allow the line to be maintained.

Flow rates through the system have remained well above pre-2005 levels following the addition
of the flow through the corridor remaining after the removal of the 72-inch storm drain that was
present along the west side of the MSPTS. (For additional background, see the 2005 Annual
Report, DOE 2006e.) The total volume of water treated by the MSPTS during 2006 was
approximately 430,000 gallons. This is about 20 percent less than that reported in 2005
(506,000 gallons), but is still approximately five times the volumes treated in 2003 and 2004
(82,000 and 86,000 gallons, respectively). The decrease relative to 2005 was anticipated and
discussed in the 2005 Annual Report (DOE 2006e), and is likely due to the combined effects of
the loss of Site contributions (e.g., dust suppression and leaking water supply) and the fact that
2006 was a dry year. It should also be noted that the MSPTS was shut down during the media
replacement activity in July and August; during that period, water was stored within the intercept
trench but some subsurface leakage would be expected.

Some VOCs were detected in MSPTS treated effluent in 2005 (DOE 2006e) and 2006, in part
leading to the replacement of the media as discussed above. The main constituents detected in
the effluent were PCE, TCE, and cis-1,2-DCE, results for which are summarized in Table 3-6.
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Concentrations were increasing until the media was replaced in August, which restored water
treatment. Refer to the quarterly reports (DOE 2006f, 20069, 2007d) and Appendix B.6 for
additional water quality data from the MSPTS.

Table 3-6. Selected VOC Data from MSPTS Influent and Effluent

Sample Date | Analyte Ihr?fSIEeTr?t éﬂfﬁﬁgnst Sample Date Analyte I'\r/llfslllj(-arnst gﬁﬁ;ﬁ
DCE 57 1 DCE 24 1.8
1/27/2000 PCE 120 0.1(J) 4/25/2002 PCE 41 1(V)
TCE 150 1(V) TCE 76 1(V)
DCE 59 2 DCE 11.3 1(V)
2/8/2000 PCE 96 1(V) 10/21/2002 PCE 33.6 1(V)
TCE 140 1(V) TCE 46.8 1(V)
DCE 62 2 DCE 23 4.4
3/7/2000* PCE 100 1(V) 4/17/2003 PCE 31 0.38(J)
TCE 160 1(V) TCE 38 0.31(J)
DCE 61 4 DCE 9 1
4/26/2000 PCE 110 1(V) 12/1/2003 PCE 22.6 1(V)
TCE 140 1(V) TCE 31.4 1(V)
DCE 42(D) 3 DCE 6.98 1(V)
5/15/2000 PCE 68(D) 1(V) 6/9/2004 PCE 215 1(V)
TCE 87(D) 1(V) TCE 28.3 1(V)
DCE 42 1 DCE 5.59 0.83(J)
6/14/2000 PCE 130 1(V) 10/20/2004 PCE 25.7 0.72(J)
TCE 150 1(V) TCE 29.4 2.74
DCE 42 2 DCE 3.93 2.04
7/19/2000 PCE 64 1(V) 6/21/2005 PCE 29.1 1.66
TCE 79 1(V) TCE 34.9 1.28
DCE 39 1(J) DCE 20 6.3
8/16/2000 PCE 100 1(V) 11/18/2005 PCE 81 45
TCE 140 1(V) TCE 90 1.6
DCE 32.1 0.74 DCE 920 390
9/13/2000 PCE 65.3 0.5(V) 4/25/2006 PCE 150 5.7
TCE 99.9 0.5(V) TCE 150 7.6
DCE 37.3 0.69 DCE 2040(D) 793(D)
10/25/2000 PCE 68.7 0.33(J) 6/5/2006 PCE 125(D) 3
TCE 104 0.5(V) TCE 158(D) 4.6
DCE 38(D) 3 DCE 6580(D) 0.78(J)
4/19/2001 PCE 44(D) 1(U) 10/5/2006 PCE 87.2 1V)
TCE 76(D) 1(V) TCE 93.7 1(V)
DCE 23 0.9(9)
10/25/2001 PCE 50 1(V)
TCE 74 1(V)

Results are in pg/L. DCE = cis-1,2-dichloroethene; PCE = tetrachloroethene; TCE = trichloroethene; RFCA action levels in pg/L for
these constituents are 70, 5, and 5 respectively (CDPHE, DOE, and EPA 2003). Lab qualifiers: D = analysis was performed at a
dilution; J = result is estimated below the sample quantitation limit; U = analyte not detected. * Effluent sample was collected the
next day, March 8 2000. Formal sampling location names are Mound R1-0 (influent) and Mound R2-E (effluent).

Data for samples of MSPTS influent (Table 3-6) show the influence of the modifications made
upgradient of the system. As reported in the 2005 Annual Report (DOE 2006e) and mentioned
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above, the preferential pathway formed by the corridor that once hosted a 72-inch storm drain
was tied into the MSPTS ground water intercept trench. This pathway now transports water from
the OBP #2 source area to the MSPTS. The source area was remediated prior to Site closure and
Hydrogen Release Compound® (HRC) was added to the backfill, enhancing the natural
degradation of residual VOCs. This is the most likely reason for the sharp increase in the
daughter product, cis-1,2-DCE, and the smaller increases in parent products such as PCE, TCE,
and other VOCs (see DOE 2006f, 2006g, 2007d, and Appendix B.6) in MSPTS influent.

Two grab samples were collected in 2006 (one each in May and October) at the performance
monitoring location for the MSPTS, surface water station GS10. As in 2005, results include
detections of VOCs, but none exceed the corresponding surface water surface water action
levels. More importantly, concentrations appear to be decreasing since the MSPTS media was
replaced in August. VOCs detected in the May sample include 1,1-DCA (8.5 ng/L), cis-1,2-DCE
(39 ng/L), and TCE (0.47 pg/L, J-qualified, estimated). VOCs detected in the October sample
include 1,1-DCA (1.8 ng/L) and cis-1,2-DCE (0.19 pg/L, J-qualified, estimated). Collection of
samples for the analysis of VOCs at this location began in 2005. As additional data are available,
it will be possible to calculate trends of any VOCs that may be consistently detected at GS10.

3.3.2.2 East Trenches Plume and Treatment System

The East Trenches Plume is an area of contamination named after several disposal trenches that
contribute VOCs to ground water. These trenches are located on the pediment south of South
Walnut Creek, in former OU 2. The source of this plume is Trenches T-3 and T-4, which were
remediated in 1996. In addition, a portion of the 903 Pad Plume flows toward the northeast and
joins the East Trenches Plume. The following paragraphs describe the plume and treatment
system installed to address this contamination.

East Trenches Plume

Evaluation wells 3687 and 05691 monitor the source areas of the East Trenches Plume, Trenches
T-3 and T-4, respectively. More distal portions of the plume are monitored by Evaluation

well 03991 and Sentinel well 04091 to the east-northeast, and Area of Concern (AOC)

well 00997 at the mouth of Pond B-5 in the South Walnut Creek drainage. Sentinel wells 95099,
95199, 95299, 23296, and TH046991 monitor the ETPTS, which was installed in 1999 to collect
and treat contaminated ground water of the East Trenches Plume as it migrates toward the
B-Ponds and South Walnut Creek.

Source-area Evaluation wells 3687 and 05691 produce samples with elevated concentrations of
VOCs of the PCE and carbon tetrachloride families. The VOC present in the highest
concentrations in ground water samples from well 3687 is TCE, while samples from 05691 are
highest in carbon tetrachloride. Figure 3—6 provides a summary display of the most prevalent
VOC:s in these two wells, using a logarithmic concentration scale to better illustrate results for
lower-concentration constituents.
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Figure 3-6. Primary VOCs in Samples from East Trenches Plume Source-Area Evaluation Wells 3687
and 05691

As indicated by Figure 3—6, concentrations of VOCs in samples from well 3687 do not appear to
be changing appreciably. Concentrations in well 05691 may be exhibiting a modest decrease,
although the sample collected in 2006 shows several VOCs at higher concentrations than in one

or more prior samples. Apparent decreases or increases in concentrations will be evaluated as
more post-closure data are available.

Wells monitoring the downgradient portion and edges of the East Trenches Plume include
Sentinel wells 23296, 95099, 95199, 95299, and TH046992. With the exception of wells 95099

and TH046992, each is physically separated from the main body of the East Trenches Plume by
the ETPTS ground water intercept trench.

Analytical data for these wells in 2006 were generally consistent with those from recent years.
(Well THO046992 is represented by few data, as it was added to the network in 2005.) Of these
wells, samples from 23296 contain the highest concentrations of VOCs. Figure 3—-7 displays
VOCs most commonly detected in these wells at concentrations exceeding the corresponding
RFCA action level. Refer to Appendix B.3 for S-K trend plots.
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Figure 3-7. Most Commonly Detected VOCs in Sentinel Wells Downgradient of the ETPTS

S-K trend plots (Appendix B.3, and summarized above in Section 3.3.1 and Table 3-5) indicate
95 percent significant trends for several constituents monitored in the East Trenches Plume
wells. Well 23296 is represented by significant trends for carbon tetrachloride (decreasing),
chloroform (decreasing), cis-1,2-DCE (increasing), methylene chloride (decreasing), PCE
(decreasing), and TCE (decreasing). These trends suggest the source removal actions are
affecting concentrations of VOCs as desired; the increasing trend in cis-1,2-DCE suggests
ongoing degradation of parent compounds.

Wells 95099 and 95199 also are represented by significant trends, although in each case the trend
is no slope: chloroform and methylene chloride at well 95099, and methylene chloride at

well 95199. However, these trends are artificial: all of the data since 2001 for methylene chloride
have been nondetects, and almost all data for chloroform are nondetects, with the exceptions
being J-qualified (estimates) and the highest such detection estimated at 0.3 pg/L.

In the distal portions of the plume, well 04091 shows a statistically-significant (95 percent
significance) decreasing trend in carbon tetrachloride concentrations (Table 3-5).
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East Trenches Plume Treatment System

The ETPTS was installed in 1999. Its design is very similar to that of the MSPTS. However, the
intercept trench for the ETPTS is 1,200 feet long, compared to the 220 foot long MSPTS trench.
The longer trench is required to intercept the broader East Trenches Plume as it flows toward
South Walnut Creek and the B-Ponds.

The ETPTS treated approximately 675,000 gallons of water in 2006. This is significantly less
than in recent years; it is about 38 percent of the total flow in 2005 (1.8 million gallons). In 2003,
2.1 million gallons were treated, and in 2004, 1.5 million gallons were treated. This decrease in
flow suggests a large combined effect from the dry year and loss of artificial contributions;
indeed, adjacent Ponds B-1, B-2, B-3, and B-4 were dry or nearly so for much of the spring,
summer, and fall of 2006.

For the first several years following its installation, the ETPTS functioned well. However,
frequent intensive maintenance (including media replacement) was required beginning in 2003.
The media in both cells was replaced in September—October 2003, partially replaced in both
cells in May 2004, partially removed in December 2004, and completely replaced in
September 2005. Other more intensive maintenance work at the ETPTS in recent years has
included using heavy equipment to break up the crusted iron, flushing the media with acid to
restore flow, and performing plumbing repairs and upgrades.

Routine maintenance at the ETPTS in 2006 included weekly raking of the media, inspection of
influent and effluent flow conditions, and calibration of the flow monitoring instrumentation.
Automated instrumentation was installed in March 2006 to enhance maintenance and operation
of the system. This was reported in more detail in the 2005 Annual Report (DOE 2006e) and in
the corresponding quarterly report (DOE 2006f), and those details will not be reiterated here.
Briefly, the instrumentation and associated vault are similar to that installed at the MSPTS, as
described above, and include measurement of water depth in the intercept trench (collection
trench) and both cells, and flow rates. Figure 3—8 provides the summary display of data collected
from the installation of the instrumentation vault through the end of 2006; occasional spikes and
other discontinuities in the data represent periods of troubleshooting and instrumentation
correction.
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Figure 3-8. Data Display From Automated Instrumentation Installed at the ETPTS

In addition to these instrumentation upgrades, the plumbing at the treatment cells was upgraded
to afford an upflow condition within each cell (i.e., such that the influent water would move
upward through the media and exit at the top of the cell, rather than moving downward through
the media) and the discharge line was replaced. Flow direction was not changed to upflow, but
this configuration may be used in the future if there are indications that it would extend the life
of the media and/or enhance treatment of the water. Also, the discharge line was replaced
because the original line did not present sufficient gradient, causing water to frequently back up
into the effluent manhole.

The ETPTS treatment of ground water in 2006 was improved with respect to much of its history.
The system was sampled twice: once in May, and once in October. VOCs detected in the effluent
on both occasions included 1,1-DCA (1 ug/L in May, and estimated—J-qualified—

0.45 pg/L in October), cis-1,2-DCE (27 pg/L and estimated 4.3 ug/L), PCE (4.1 pg/L and
estimated 0.85 ug/L), and TCE (2.8 ug/L and estimated 0.18 pg/L). These recent results can be
compared with earlier data in Table 3-7; refer to quarterly reports (DOE 2006f, 20069, 2007d)
and Appendix B.6 for additional data from 2006.
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Table 3-7. Summary of Recent VOC Data from ETPTS Influent and Effluent

oate | BLDCE oo | chioroform | cis1,2DCE | MEtYiene PCE TCE
Influent ; Effluent| Influent : Effluent | Influent Effluent | Influent ; Effluent| Influent ;Effluent|Influent : Effluent | Influent : Effluent
1/28/04 5 1(V) 130 1(V) 71 1.1 40 9.5 5(V) 20 290 | 0.93(J) | 2300 1.8
2/25/04| 4.8(3) | 1(U) 150 1(U) 71 1.4 40 10 | 2.7(3B) | 19(B) | 270 1.1 2400 2.5
3/22/04] 4.80J) i 1(V) 180 1(V) 71 1 39 9.7 2.6(V) 21 270 1.2 2400 1.8
5/26/04 2.93 | 1(U) 216 1(U) 65.1 1(U) 28 11.5 1(U) 17 |618(D) 3.38 |5510(D)i 6.36
6/22/04] 3.2(J) i 1(V) 130 1(V) 59 1(V) 29 8 6.7(JB) | 14(B) 240 1.9 1900 1.8
7/29/04| 3.3 1) | 142(D) | 1(U) 54.1 1(U) 294 | 77 2.3 i14.1(U)|354(D)i 1.8 |1960(D) : 0.69(J)
8/19/04| 1.6 1(U) 68.1 1(U) 26.6 1(U) 13.3 7.4 1(U) 13.7 [137(D) | 1.2 774(D) i 0.55(J)
10/20/04| 4.21 | 1(U) 160 1(U) 72.9 256 | 326 | 11.3 1(U) 15.6 [230(D)i 2.13 |[1170(D): 1.91
5/12/05| 5.09 1.59 131 1(V) 66 22.2 30.4 36.4 1(V) 14.6 |256(D): 219 [2280(D): 33.1
6/7/05| 5.1(J) 1.1 160 1(V) 81 30 33 44 10(U) : 22(B) | 340 36 3300 66
11/2/05| 50(V) 1.6 151 1(V) 74.8 | 0.73(9) | 50.7 39.6 | 250(U) | 18.2 350 1(V) 2500 4.4
5/17/06] 6.1(J) (0.39(J)] 170 0.23(U) | 75(3) | 1.9(V) 46 27 0.32(V) 32 280 4.1 2800 2.8
10/31/06] 3.9(J) :0.14(U)| 120(J) | 0.19(V) | 75(J) | 0.16(V) | 40(J) | 4.3(J) | 6.4(V) 0.32(U)] 290(J) | 0.85(J) | 2100(J) | 0.18(J)

Notes: Results are in ug/L. Parenthetical values represent data qualifiers: D = analysis was performed at a dilution; J = result is

estimated; U = analyte not detected at concentration shown; B = analyte was detected in the sample and method blank. RFCA action

levels in pg/L (CDPHE, DOE, and EPA 2003): 1,1-DCE, 7 ug/L; carbon tetrachloride, 5 pg/L; chloroform, 5.7 pg/L; cis-1,2-DCE, 70 ug/L;
methylene chloride, 4.7 ug/L; PCE, 5 ug/L; TCE, 5 pg/L.

The performance monitoring location for the ETPTS is POM2, which is located in Pond B-4.

Sampling in support of the ETPTS began at this location in 2005. Grab samples were collected

from POM2 in May and November 2006. There were no validated detections of VOCs in either
sample.

3.3.2.3 Solar Ponds Plume and Treatment System

The SPP is an area of elevated nitrate and U concentrations in ground water. (Note: The

analytical data report concentrations of nitrate/nitrite as N; this is referred to herein simply as
nitrate.) The former Solar Evaporation Ponds (SEPs), which were located on the pediment in the
northeastern portion of the former 1A, were the source of this contamination. Liquid wastes

generated during production were stored in these ponds. Leaks that occurred over the years are

the source of the ground water plume. The following paragraphs describe the plume, the
treatment system installed to address this contamination, and work performed in 2006 on the

system. Discussion of special investigations of the system is provided in Section 3.5.2.

Solar Ponds Plume

Ground water in the SEP area is contaminated with nitrate and U. The westernmost portion of

this area, generally coinciding with the location of former Pond 207-C, also is contaminated with
VOCs.

Concentrations of nitrate in the main body of the plume in 2006 were consistent with results
prior to 2005, confirming that some of the data reported in 2005 were anomalous and not

representative (see DOE 2006e). Figure 3—9 provides summary nitrate data for recent years for

ground water samples from the Evaluation wells surrounding the SEPs.
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Atypically-low results in 2005 represent data outliers. RFCA surface water action level for nitrate (mg/L; CDPHE, DOE, and

EPA 2003) is 100 in the area of the Solar Ponds Plume. In addition to the nondetects (U-qualified results), several other results were
qualified (B), but are not shown differently for the sake of simplicity. Note logarithmic concentration scale.

Figure 3-9. Concentrations of Nitrate in Ground Water Samples From the Solar Ponds Plume
Source Area

Nitrate behaves fairly conservatively—it flows readily with ground water, and is not attenuated
as much as many other constituents. In addition, the contaminant source is no longer active and
vegetation has been established, which would act to reduce residual concentrations of nitrate.
Although concentrations of nitrate appear relatively stable over the past several years, suggesting

this contamination will not be flushed rapidly from the area, as revegetation efforts are rewarded
the removal of nitrate may accelerate.

Concentrations of nitrate farther from the source area also appear relatively stable, as shown
below in Figure 3—10. Worth noting are the differences between paired wells 70099 and 70299,
with the former showing higher concentrations of nitrate than the latter. This is because

well 70099 screens unconsolidated materials while 70299 screens the weathered bedrock, which
is a less-permeable claystone. Both appear to be outside the nitrate plume, and were installed in
1999 to evaluate bypass of the SPPTS around the western end of the intercept trench. Also worth
noting is the statistically-significant (95 percent) decreasing trend for nitrate at well 70299. This
trend is artificial, however, as almost all results since 2003 have been nondetects. (See
Appendix B.3 for the S-K trend plots, which are also summarized above in Section 3.3.1 and
Table 3-5.) Figure 3-10 confirms that AOC well 10594 and Sentinel well 51605 are both
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outside the nitrate plume. (Note: Data shown for well 51605 include its predecessor, 1386, which
was replaced by 51605 beginning with the September 2005 data.) Wells within the plume
include those closer to the source area (22205 and P210089) and those closest to the former
Interceptor Trench Pump House and current SPP Discharge Gallery (1786 and B210489).
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Notes: Plots for wells 22205 and 51605 include their predecessors, 22298 and 1386, respectively. Several data outliers are also
obvious on the graph. RFCA surface water action level for nitrate (mg/L; CDPHE, DOE, and EPA 2003) is 100 in the area of the

Solar Ponds Plume. In addition to the nondetects (U-qualified results), several other results were qualified (B, J), but are not shown
differently for the sake of simplicity. Note logarithmic concentration scale.

Figure 3—-10. Concentrations of Nitrate in Ground Water Samples Downgradient of the Solar Ponds
Plume Source Area

As with those for nitrate, U concentrations around the former SEPs are generally consistent with
past years. Figure 3—11 provides a display of results for total U in the source area. (When
preparing the plots for U, data were managed as described in Section 3.3.1.) This figure shows
the concentration of U at 79605 increasing significantly between 2004 and 2005; this coincides
with the replacement of original well P207989 (results from which represent the first part of the
plot for 79605) and its replacement by well 79605 due to the inadvertent destruction of the
former well during closure of the Site. The replacement well is about 5 feet from the original
well; perhaps more importantly, it is just over 5 feet deeper, allowing it to collect more of the
ground water within the weathered bedrock. This may account for the difference in U
concentrations between original well P207989 and replacement well 79605.

Rocky Flats Annual Report of Site Surveillance and Maintenance Activities U.S. Department of Energy
Doc. No. S0296000

April 2007
Page 3-28



10000

1000
.\-/\-/ —=— 00203

@ P210189

’ "\ —|— 79102

/ , 79202

100 kA —Ok —A— —A —a— P208989
79302

—m— 79402

o —A— 79605

—m— 79502

Concentration (ug/L)

10 A

- |
White-filled symbols (]

represent U-qualified
results.

1/1/2002
7/2/2002
1/1/2003 +
7/2/2003
1/1/2004
7/1/2004
12/31/2004 -
7/1/2005 -
12/31/2005 -
7/1/2006 -
12/31/2006

Date Sampled

Notes: Plots for wells 00203 and 79605 include their predecessors, 00297 and P207989, respectively. RFCA surface water action
level for total U in Walnut Creek (pCi/L; CDPHE, DOE, and EPA 2003) is 10, which converts (assuming natural U) to approximately
15 pg/L. In addition to the nondetects (U-qualified results), several other results were qualified (B, E, N), but are not shown
differently for the sake of simplicity. Note logarithmic concentration scale.

Figure 3-11. Concentrations of Uranium in Ground Water Samples From the Solar Ponds Plume
Source Area

A similar mechanism may be responsible for the apparent increase in concentrations at

well 00203. This well replaced shallower well 00297, which was continually dry and not suitable
for long-term monitoring; the original well only produced the first sample represented on

Figure 3—-11.

The reason for the higher-concentration result in April 2004 at well P210189 is not known. This
result may represent an anomaly or error, or it may be related to closure activities in the area.
Concentrations of U after that sample have been consistently low, between 3 pg/L and 4.3 pg/L;
the sample preceding the April 2004 event was reported as a nondetect at 28 pg/L.

Concentrations of U in downgradient wells are also generally consistent with previous results
(Figure 3—-12). The main exceptions are seen at wells 70099 and 10594. The former well, located
at the northwest end of the SPPTS ground water intercept trench, is represented by two
anomalous results in 2006: one, from a sample collected in April, is the lowest concentration in
the period of record, while the next sample, collected in October, reported the highest
concentration. The data from well 10594, located between Ponds A-1 and A-2, appear to confirm
these results from well 70099; both wells appear to show a short period of declining
concentrations followed by a sharp increase at the end of 2006. However, other wells in the area,
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including several located between wells 70099 and 10594, do not confirm such a pattern
although several display moderate increases in U through 2006. Factors that may have
contributed to this pattern include the flooding of several wells (70099, 70299, and P210089)
during final grading and construction of Functional Channel 3 immediately prior to closure; and
the storage of untreated ground water within the SPPTS intercept trench during system repairs
performed in August-September 2006. In addition, interpretation of the time series plot for
well 10594 is made more difficult by the fact that this well is represented by fewer data points
than most others. Because this well and well 70099 are clearly not strongly impacted by the
nitrate plume and have been determined to monitor naturally occurring U (K-H 2004f), the
variations in U concentrations are most likely of natural origin and/or reflect some measure of
laboratory uncertainty.
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NOTES: Plots for wells 22205 and 51605 include their predecessors, 22298 and 1386, respectively. Several data outliers are also
obvious on the graph. RFCA surface water action level for total U in Walnut Creek (pCi/L; CDPHE, DOE, and EPA 2003) is 10,
which converts (assuming natural U) to approximately 15 pg/L. In addition to the nondetects (U-qualified results), several other
results were qualified (B, J, N, *), but are not shown differently for the sake of simplicity.

Figure 3-12. Concentrations of Uranium in Ground Water Downgradient of the SPP Source Area

The S-K trend plot for well 51605 indicates a statistically-significant (95 percent) increasing
trend for U at this location. Again, data for this well includes those for the original well, 1386.
More importantly, concentrations of U remain well below the U threshold defined in the IMP
(DOE 2006¢). See Appendix B.3 for the S-K trend plots, which are also summarized above in
Section 3.3.1 and Table 3-5.
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The main constituents of the VOC plume in the western SEP area are carbon tetrachloride and
TCE, with lesser concentrations of their daughter products (primarily chloroform and
cis-1,2-DCE) and PCE. The highest concentrations of carbon tetrachloride and TCE are reported
in samples from well P210189. The location of wells 79102 and 79202 were selected in part to
monitor for VOCs from this plume. Concentrations of these constituents in samples collected
from these wells during 2006 are generally consistent with those reported in previous years’
samples. Downgradient Evaluation well 22205 reported no detections of these constituents
except for low detections in 2003 of PCE (2.17 pg/L) and TCE (30.4 ug/L) that were not
confirmed in subsequent samples. Downgradient Sentinel well P210089 also shows no detections

of these constituents. Figure 3—13 summarizes concentrations of the major constituents of this
plume. PCE is omitted because detections have been under 10 pg/L.
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NOTES: CT = carbon tetrachloride, CF = chloroform, c12DCE = cis-1,2-DCE. RFCA surface water action levels for these
constituents (ug/L; CDPHE, DOE, and EPA 2003): CT, 5; CF, 5.7; TCE, 5; cis-1,2-DCE, 70. In addition to the nondetects (U-

qualified results), several other results were qualified (D, J), but are not shown differently for the sake of simplicity. Note logarithmic
concentration scale.

Figure 3-13. Concentrations of Primary VOCs in SEP-Area VOC Plume

As shown in Figure 3—13, concentrations of VOCs in this plume have not changed substantially

over the past several years with the possible exception of decreasing concentrations in the
source-area well P2101809.
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Solar Ponds Plume Treatment System

Like the ETPTS, the SPPTS was installed in 1999. In basic design terms, the system is very
similar to the MSPTS and ETPTS, with an intercept trench (1,100 feet long) and two treatment
cells. However, unlike the ETPTS and MSPTS, this system is designed to treat water with
elevated concentrations of nitrate and U. As such, the treatment media in the SPPTS differs from
that in the VOC-treating MSPTS and ETPTS. The treatment media in the SPPTS consists of ZVI
and organic material (sawdust).

Another difference between the SPPTS and the other two systems is that the water collected in
the intercept trench is pumped into the treatment cells. This is accomplished using a solar-
charged, battery-powered pump system. This component of the SPPTS, together with the
collection well (or “sump”) that houses the pump and is installed within the trench, was added

in 2002. The system was initially designed to take advantage of gravity by situating the treatment
cells near the bottom of the North Walnut Creek drainage, and routing intercepted ground water
down the hill from the intercept trench to those cells. However, concerns about Preble’s meadow
jumping mouse habitat in this area of North Walnut Creek caused the cells to be relocated and
placed adjacent to the intercept trench. This required water to accumulate in the intercept trench
to a depth of about 11 feet before it would flow into the higher-elevation treatment cells. Such a
configuration was found to be unrealistic, and the pump system was installed in the fall of 2002.

Routine maintenance activities at the SPPTS were conducted throughout 2006, and include
weekly inspection of the solar/battery system that powers the pump, operation of the pump, and
influent and effluent flow conditions. In addition, the flow monitoring instrumentation was
calibrated periodically.

System performance was satisfactory until spring 2005. Prior to that time, the system reduced
nitrate and U concentrations as designed. But in spring 2005, water backed up in the system due
to clogging of the gravel/ZVI1 media in downgradient Cell 2. The valves were reconfigured to
bypass this cell. Concentrations of nitrate following this change showed no treatment. The media
in Cell 2 was changed in September 2005, just prior to Site closure. U treatment resumed, but
nitrate treatment was still insufficient.

In 2006, an iterative strategy for correcting the nitrate problem was developed. The valve
positions were checked and found to be one issue: only two of the five valves were accessible.
These were reconfigured to support series flow, resulting in a slight decrease in system effluent
nitrate concentrations, but the positions of the other three valves could not be confirmed.

At the end of March 2006, heavy equipment was used to excavate and restore access to the other
three valves. All valves were then reconfigured to series flow (through both cells in sequence).
Field screening samples were collected frequently (2x-5x/month) to evaluate the effects of
ongoing efforts to restore treatment. Nitrate concentrations in system effluent began to decrease
sharply, but this decrease was inconsistent. Although effluent concentrations of nitrate continued
to decrease somewhat, in the summer of 2007 it was determined that the system should be
excavated to expose the treatment media and influent distribution lines.

In August 2007, heavy equipment was used to remove the approximately 12 feet of overburden
(soil and wood chips) from the top of the media in the SPPTS. The last portion of the excavation
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was performed by hand to avoid damaging the plumbing and media. It was found that the
influent distribution gallery within nitrate-treating Cell 1 had separated from its feed line because
that connection was not designed to account for settling of the sawdust/ZV1 media. Additional
excavation outside the cells revealed all valves to be leaking, several lines to be broken, and
several penetrations through the cell walls to be unsealed, allowing water to flow freely into or
out of the cells in an uncontrolled fashion. Finally, it was found that the influent line from the
pump was kinked and the original line from the trench had not been capped when the pump was
installed; this allowed pumped influent water to either flow into the treatment cells or cycle back
into the collection well. A break in that original line also allowed pumped influent to leak into
the surrounding soil rather than recirculate back into the collection well or flow to the system.
The cumulative effects of these conditions would be reduced treatment effectiveness and
efficiency, and reduced flow through the system due to increased system bypass. Figure 3-14
includes photographs of some of the components.

Upper left: looking down into western Cell 1 at the influent distribution gallery. Upper right: distrib