
DRAFT 

WORKPIAN FOR 

CONTROL OF RADIONUCLIDE LEVELS IN 
WATER DISCHARGES FROM THE ROCKY FLATS PLANT 

as Required in 
Section XI1 of 

the Interagency Agreement 

April 5, 1991 

Prepared By: 

U.S. Department of Energy 
Rocky Flats Plant 
Golden, Colorado 

EG&G Rocky Flats 
Environmental Restoration Program 

IAG Section XI1 Workplan: Rev. 0 

BaDMlN RECORD 



DRAFT 

WORKPLAN FOR 

CONTROL OF RADIONUCLIDE LEVELS IN 
WATER DISCHARGES FROM THE ROCKY FLATS PLANT 

as Required in 
Section XI1 of 

the Interagency Agreement 

April 5, 1991 

Prepared By: 

U.S. Department of Energy 
Rocky Flats Plant 
Golden, Colorado 

EG&G Rocky Flats 
Environmental Restoration Program 

IAG Section XI1 Workplan: Rev. 0 



I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 

Table of Contents 

List of Acronyms and Abbreviations 

Executive Summary 

1 .O Introduction 

1 .1 Workplan Scope 

1 .2 Workplan Organization 

2.1 Site Description 

2.2 Geology 

2.3 Meteorology 

2.4 Surface-Water Hydrology 

2.4.1 Natural Drainages 

2.4.2 Ditches and Diver 

' 2.4.3 RFP Detention Pon 

2.0 RFP Background Information 

2.5 Regulatory Settin 

2.5.1 Overvi 

3.0 Current r Management Practices 

3.1.2 Pond Locations and Descriptions 

3.2 Pond Discharge Management 

3.2.1 Overview and Justification 

3.2.2 Pre-Discharge Evaluation 

3.2.3 Treatment Limitations 

3.2.4 Water Sampling and Analysis 

3.2.5 Approval to Discharge 

3.2.6 Current Discharge Mode 

3.2.7 Interruption or Suspension of Discharge 

3.2.8 Pond Level Operational Goal 

3.2.9 Termination of Successful Discharge 

Statistical Study of Radionuclide Levels 

3.3.1 Basis and Scope of Study 

3.3 

I IAG Section XI1 Workplan: Rev. 0 

V 

9 

1 1  

1 2  

1 4  

1 4  

1 6  

1 7  

1 8  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 3  

2 6  

2 7  

3 2  

3 2  

3 3  

3 4  

3 4  

3 4  

3 4  

i 



3.3.2 Summary of Statistical Analysis 

3.3.3 Assessment RFP Water vs. CWQCC Stream Standards 

3.3.4 Conclusions of Statistical Study 

3.4.1 Current Treatment 

3.4.2 Treatment Method Development 

3.4 Current Treatment Approach 

4.0 Workplan to Control Radionuclides 

4.1 . 1 Pond Management Equipment 

4.1 .2 Dam Safety 

4.1.3 Runoff vs. Pond Level Model 

4.1.4 Weather-proofed Treatmen' 

4.1 .6 Application of CW 

4.1.7 Analytical Quality 

4.2 Workplan Ele 

4.2.2 Evaluat 

ment #3: Analytical Methods 

ical Methods Proposed for Validation 

4.3.2 Proposed Real-Time Monitoring Methodology 

Workplan Element #4: Treatment Technologies 

4.4.1 Characterizing Radionuclides 

4.4.2 Improving Current Treatment 

4.4.3 Developing Future Treatment 

4.4 

References 

3 5  

3 7  

4 1  

4 2  

4 2  

4 5  

4 5  

4 7  

4 8  

4 8  

4 9  

4 9  

4 9  

5 1  

5 4  

5 4  

5 6  

5 6  

5 7  

5 8  

5 8  

5 9  

6 1  

6 1  

6 2  

6 3  

6 4  

6 6  

IAG Section XI1 Workplan: Rev. 0 i i  



I 
1 
1 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
1 

Table No. 

2.1 
2.2 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 

3.7 

3.8 

4.1 

Figure No. 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
3.1 
3.2 

List of Tables 

NPDES Permit Discharge Outfalls 

Comparison of CWQCC Stream Standards for Radiochemistry 

Detection Limits for Radiochemical Parameters for Water Samples 

Average Plutonium Concentration 

Average Americium Concentration 

Average Uranium Concentration 

CWQCC Stream Standard 

Comparison of Plutonium Concentr 

Surrounding Areas 

Comparison of Americium Concentra 

Surrounding Areas 

Comparison of U rani u m 

Surrounding Areas 

Surface Waters and 

s in Surface Waters and 

. ... 

diochemistry in Segment 4 of 

ist of Figures 

cky Flats Plant 

Erosional Surfaces and Alluvial Deposits 

West to East Structural Cross Section 

Local Stratigraphic Section of RFP 

Surface Drainage 

RFP Detention Ponds Schematic 

Discharge Management Flow Chart I 
Discharge Management Flow Chart II 

IAG Section XI1 Workplan: Rev. 0 i i i  



I 
1 
1 
1, 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Appendix No. 

I 

I I  

Table No. 

11-1 

11-2 

11-3 

11-4 

11-5 

11-6 

Appendices 

Rocky Flats Geologic Characterization 

Statistical Study of Radionuclide Levels 

.... ..... ...... ....... . . . . . .  ...... ........... .......... ........ Appendix Tables .......... .......... 

Average Uranium Concentration 

Average Gross Alpha Con 

Average Gross Beta Conce 

Analytical Uncertainty Varia ....... 

Figure No. 

11-1 a 

11-1 b 

I I - 2 a  

I I - 2 b  

I I - 3 a  

I I - 4 a  

I I - 3 b  

l l - 4 b  

I I - 5 a  

l l - 5 b  

ncentration Histogram 
....... 

Plutoniu'm Concentration Histogram 

Americium Concentration Histogram 

Americium Concentration Histogram 

Uranium Concentration Histogram 

Uranium Concentration Histogram 

Cross Alpha Level Histogram 

Cross Alpha Level Histogram 

Gross Beta Level Histogram 

Gross Beta Level Histogram 

I I - 6 Pond C-1 Plutonium Uncertainties 

IAG Section XI1 Workplan: Rev. 0 i v  



List of Acronyms and Abbreviations 

The following acronyms and abbreviations are used in the Workplan: 

A I P  

A M D A  

B D D  

C D H  

C E R C L A  

CFR 

c f s  

cm/s 

CHS 

COE 

C R S  

C U H P  

CWA 

C W A D  

CWQCC 

D A F  

. DCG 

DOE 

E P A  

ER 

F E R C  

F F C A  

GAC 

GC 

GOCO 

g P m  
G R R A S P  

H/S 

I A G  

I M E C S  

LANL 

MDA 

Agreement in Principle 

Accept able Minimum Detectable Activity 

Broomf ield Diversion Ditch 

Colorado Department of Health 

Comprehensive Environmental Response, C 

Code of Federal Regulations 

cubic feet per second 

centimeter per second 

Colorado Health Standards 

U.S. Corps of Engineers 

Colorado Revised Statutes 

Colorado Urban Hydrograph 

tion and Liability Act 

U.S. Environmental Protection Agency 

Environmental Restoration 

Federal Energy Regulatory Commission 

Federal Facilities Compliance Agreement 

granular activated carbon 

gas chromatography 

Government-owned and contractor-operated facility 

gallons per minute 

General Radiochemistry and Routine Analytical Services Protocol 

Health and Safety 

Interagency Agreement 

Interactive Measurement Evaluation and Control System 

Los Alamos National Laboratory 

Minimum Detectable Activity 

IAG Section XI1 Workplan: Rev. 0 V 



~I 
I1 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 

m P h  
N l S T  

N B L  

N P D E S  

O & M  

ou 
P P m  
R C R A  

R F P  

S A R A  

S D W A  

SEO 

SOP 

S T P  

S W M P  

SWMU 

U F  

W E T  

WQCD 

miles per hour 

National Institute of Standards and Technology 

New Brunswick Laboratory 

National Pollutant Discharge Elimination System 

Operating and 'Maintenance 

Operable Unit 

parts per million 

Resource Conservation and Recovery Act 

Rocky Flats Plant 

Superfund Amendments a 

Safe Drinking Water Act 

State Engineers Office 

Standard Operating Procedure 

Sewage Treatment Plant 

Surface Water Manageme 

Solid Waste Management 

ision 

IAG Section XI1 Workplan: Rev. 0 v i  I 



I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Executive Summary 

This Workplan, prepared in response to Section XI1 of the Interagency Agreement (IAG) 

dated January 22, 1991, addresses the control of water discharges from Rocky Flats 

ho/ding/detention ponds. The Workplan describes analytical protocol and methods for 

determining radionuclide levels, summarizes statistical assessments of accumulated 

analytical results, and presents recommendations for. additional radionuclide studies to 
better characterize the water quality of RFP discharges. The ' plan also describes 

current approaches for planning, approving, and conducti charges of water 

from the RFP t 

treatment approaches and limitations are review 

studies are addressed. 

lans for future treatability 

Surface water impacted by Rocky Flats 

where it is directed into a series of downst 

water are made from the ter 

ponds provide storm-water 

.flows in three major drainages 

ing ponds. Offsite discharges of 

s are intended to be operated at 10 percent of capacity to 

he event of storms or accidental spills and thus afford the provide surge prote 

empty condition to provide maximum holding capacity for accidental waterborne 

contaminant releases. When ponds are maintained in a near-full condition, minimal 

spill containment and storm-water runoff capacities are available, and saturation and 

weakening of the containment structures (originally intended for short-term or low- 

volume storage) occurs. Timely release of water is therefore necessary to comply with 

the NPDES discharge permit and to ensure dam safety. 

At present, seven discharge points are allowed for RFP surface water by the National 

Pollutant Discharge Elimination System (NPDES) permit for the site. This site NPDES 

permit has been modified, in part, by the Federal Facilities Compliance Agreement 

(FFCA) with regard to the Sewage Treatment Plant (STP), although these modifications 

do not include additional requirements for monitoring radiological parameters. 

IAG Section XI1 Workplan: Rev. 0 I 
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Additional surface-water quality classifications and stream standards were established 

for RFP waters by the Colorado Water Quality Control Commission (CWQCC). Per the 

cooperative Agreement in Principle (Alp), the U.S. Department of Energy (DOE) and the 

State of Colorado agree (1) to perform joint monitoring of RFP waters to assure water 

quality, and (2) to confer regarding the safety of, and any requirements for, offsite 

water discharges. 

and the results are shared monthly with regulatory authori 

such as biomonitoring, and under the auspices of wever, several problems arise 

btaining permission to begin 

radionuclides because (1) th 

and (2) analytical counting 

turnaround time 

facilities are typical 

management of routine 'releases of water (of known quality). Measured values approach 

the lower limit of detection for radiometric methods. This limitation to real-time 

knowledge of water quality complicates decisions to initiate or resume discharge of 

impounded water. 

rnarounds complicate and confound the operational 

Following sampling and prior to CDH concurrence, water is recirculated (returned to 

the source pond) until authorization is received to initiate discharge. During the 

approval period, the open ponds are subject to potential contamination by runoff from 

precipitation events and windborne deposition while analyses are being determined. 

Temporary water treatment systems are now in place at the point of final discharge. 

Treatment currently consists of sequential particulate filtration and granular activated 

carbon (GAC) adsorption unit operations. Work is underway to consolidate, refine, and 

improve the effectiveness of treatment. For reasons of space limitations and economy, 

IAG Section XI1 Workplan: Rev. 0 
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future treatment will be centralized at Pond A-4. This consolidation will be 

accomplished with the aid of water transfers,between ponds. 

The Workplan describes past and proposed approaches for planning, approving, and 
conducting offsite water discharges from the RFP terminal ponds. Discharge 

management is also strongly affected by analytical, statistical, and water treatment 

issues. Analytical sensitivity of the methods employed to determine radionuclide 

concentrations is subject to intrinsic variability. The respo 

to refine under 

statistical under 

Workplan is both 
nd also to refine 

As to the former, analytical methods applicable to' 

recommended for validation in this Workplan. The 

laboratories will be to determine (1) ana 

and (2) robustness of the analytical met 

As to the latter, 

term and seasonal trends, 

of statistical distribution of 
available data i 

in this regard. 

A third consequenc tical and statistical shortcomings is evidenced in some of the 

treatability work to d amely the unexpected performance of the filters which pre- 

treat flows to the granular activated carbon (GAC) units. The response incorporated into 

this Workplan is to improve characterization of the radionuclides, with enhanced 

analytical and statistical understanding, then perform bench- and pilot-scale treatment 

using technology now planned for the Sitewide Treatability Study Program. Technologies 

that will be considered include: precipitation, enhanced sedimentation, improved 

filtration, ion exchange, and membrane separation. 

ified radionuclides are 

of validation using multiple 

sitivity to upset and interferences. 

IAG Section XI1 Workplan: Rev. 0 
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The January 22, 1991 , Interagency Agreement (IAG) to which the U.S. Department of 

Energy (DOE), the U.S. Environmental Protection Agency (EPA), and the Colorado 

Department of Health (CDH) are signatory, requires among other things that DOE 

prepare a Workplan that is "designed to control the release of radionuclides" contained in 

surface waters periodically discharged from the terminal ponds at Rocky Flats Plant 

(RFP). The regulatory requirements ar 

Attachment I to the IAG. 

This Workplan, which is submitted to fulfill the re 

addresses the following specific items: 

Sampling pond waters before 

Sharing split samples with C 
...... 

Proposing anal y t i 

EPA. 

ecified radionuclides for validation by 

quality of discharges with respect to Colorado Water 

n (CWQCC) standards. 

Identifying appropriate treatment technologies. 

Developing and implementing treatment technologies. 

1 . 1 Workplan Scope 

This Workplan contains descriptions of current practices and anticipated activities 

designed to manage discharges of surface water from RFP and to limitlcontrol the levels 

of radionuclides contained in these waters. Also included are sections on RFP 

background information and site characteristics, current surface-water management 

practices, protocols for sampling and analysis, analytical methodology and data 

assessment, operational and functional management structures, and current and 

anticipated treatment approaches. 

IAG Section XI1 Workplan: Rev. 0 1 



1 .2 Workplan Organization 

This Workplan is organized into the following sections: 

General site background description, including geology, meteorology, and 

ground-water and surface-water features. 

Background to specific Workplan elements, including: (a) pond discharge 

management, (b) statistical study of measured r 

laboratory methods employed. 

clide levels, and (c) 

Need for further work elements, which orkplan elements 

from the background information pres 

. .. . .  
2.0 RFP Background Information 

2.1 Site Description 

RFP is located approximat orthwest of downtown Denver, in Jefferson 

County, Colorado (Figure 2.1). 

federally owned I 

(GOCO) that ha tional since 1952. (DOE 1980) The plant is a DOE facility 

where metal compo 

uranium, beryllium, and stainless steel. Other production activities include chemical 

recovery and purification of recyclable transuranic radionuclides, metal fabrication and 

assembly, and related quality control functions. In addition, research and development 

in metallurgy, machining, nondestructive testing, coatings, remote engineering, 

chemistry, and physics are conducted at the plant. Parts manufactured at the plant are 

shipped offsite for final assembly. Primary plant structures and all production 

buildings are located within a 400-acre secure plant complex area. A 6150-acre 

buffer zone encircles the main plant complex. 

en'compasses approximately 6550 acres of 

nment-owned and contractor-operated facility 

r nuclear weapons are manufactured from plutonium, 

Solid and liquid nonhazardous, hazardous, radioactive, and mixed radioactive wastes are 

generated in RFP manufacturing processes and operations. Current waste handling and 

disposal practices include onsite treatment and both onsite and offsite recycling of 

hazardous and mixed radioactive wastes, onsite storage, or shipment offsite for disposal 

IAG Section XI1 Workplan: Rev. 0 2 
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of hazardous and solid radioactive materials at another DOE facility. However, 

hazardous, mixed, and solid radioactive wastes have been disposed on the RFP site in the 

past. Nonhazardous wastes, such as cafeteria wastes, are disposed in an onsite landfill. 

Preliminary assessments performed by RFP's Environmental Restoration (ER) Program 

identified some of the past onsite storage and disposal locations as potential sources of 

environmental contamination. A comprehensive list of all known and suspected sources 

of hazardous, ra (Rockwell 1988a) 

This list includes descriptions and all known release infor 

Resource Conv 

Environmental Response, Compensation and Liabili 

Management Units (SWMUs). The regulated and 

remediation based on potential threats to the environment. Waste 

management units that received hazard0 fter November 19, 1980, require 

RCRA closure plans. Land disposal units t ed hazardous wastes after July 26, 

1982, (regulated units) are A interim status ground-water 

monitoring requirements pr as well as post-closure care requirements. 

r DOE Compliance Agreements, the ER Program 

or all identified 

vironmental investigation and 

ing with CERCLA/Superfund Amendments and 

RCRA 3004u, and RCRA closure requirements. Reauthorization 

2.2 Geology 

RFP is located several miles east of the Colorado Front Range on the western margin of 

the Colorado Piedmont section of the Great Plains. (EG&G 1990b) The elevation is 

approximately 6000 feet above mean sea level. Topography of the plant site is 
relatively flat, as it is situated on an eroded mountain front pediment. The pediment 

surface is unconformably overlain by the Rocky Flats Alluvium, a formation consisting 

of fluvial alluvial fan deposits. As illustrated in Figure 2.2, a schematic representation 

of the erosional surfaces and alluvial deposits east of the Colorado Front Range, the Rocky 

Flats Alluvium is the oldest alluvial material deposited in the east-west profile. In the 

buffer zone to the north and south of the plant, surficial deposits are incised by modern 

channels such that the resulting topographic relief is up to 200 feet. 

IAG Section XI1 Workplan: Rev. 0 4 
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The RFP site is situated on the western margin of the structurally asymmetric Denver 

Basin. The geologic section in the area ranges in age from Precambrian to Holocene, with 

Precambrian rocks occurring at a depth of approximately 12,000 feet. Structurally, 

the rocks of the central and eastern plant facility are relatively flat lying and are 

characterized by a north strike and an east to northeast dip of 1.25 degrees. Rocks dip 

steeply (45 to 50 degrees) in the western portion of the plant. Prominent north-south 

striking hogbacks exist west of Rocky Flats (see Figure 2.3). 

Figure 2.4 is a generalized stratigraphic section of the Den 

Flats, the Tertiary rocks of 

deposited or have been ero 

are directly overlain by the Rocky Flats Alluvium; 

Arapahoe Formation, the Laramie Formation, and th 

hydrogeologic concern and are shown in 

shallow depths and hydrostratigraphic u 

potential contamination ar 

Rocky Flats Alluvium, collu 

characteristics of the surfici 

bedrock. At Rocky 

s were either not 

mie Formations 

cky Flats Alluvium, the 

ills Sandstone are of 

re 2.4. Because of their 

uifers of primary consideration for 

tion and the surficial deposits of the 

d the bedrock are discussed in Appendix I. 

nd hydrogeologic 

2.3 Meteorolo 

The area surroun nt site has a semiarid climate characteristic of the Central 

Rocky Mountain Region. On the average, daily summer temperatures range from 55°F to 

85°F and daily winter temperatures range from 20°F to 45°F. The low average relative 

humidity (46%) is a result of the blocking effect of the Rocky Mountains. 

Forty percent of the 15-inch annual precipitation falls during the spring season 

(February through May), much of it as wet snow. Thunderstorms (June through 

August) account for an additional 30 percent. Fall and winter are drier seasons, 

providing 19 percent and 11 percent of the annual precipitation, respectively. 

Because of the plant's location (4 miles east of the Rocky Mountain foothills), the area 

experiences chinook winds with gusts in the spring sometimes exceeding 100 miles per 

hour (mph). The net evaporation rate is approximately 40 inches per year (Surface 

Water Management Plan, 1990). 
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2.4 Surface-Water Hydrology 

2.4.1 Natural Drainages 

A generalized map of the principal drainage basins and surface-water features on the 

RFP site is presented in Figure 2.5. Three drainage basins and natural ephemeral 

streams traverse RFP, and surface-water flow across the site is generally from west.to 

Creek drainage basin Central Avenue (the approximate center line of the site). T 

traverses and d 

buffer zone, entirely separate from the operational 

therefore generally unirnpacted by plant operatio 

surface water. Rock Creek flows to the northeast t 

Creek. Preliminary surface water modeli 

Urban Hydrograph Procedure (CUHP) ( 

2-hour storm w 

(cfs) at the outlet of the basi 

monitoring at the outlet wa 

The Woman Cre 

ntial contaminant releases to 

ite confluence with Coal 

), indicates that the 2-year, 

imately 55 cubic feet per second 

d primarily in the buffer zone, it does extend into the 

extreme southern of the plant complex. An interceptor ditch (South 

boundary of the plant complex. The relatively small quantity of surface runoff that 

flows from the southern boundary of the plant complex toward Woman Creek is 

intercepted by this ditch. This intercepted flow eventually enters detention Pond C-2. 

Surface runoff downgradient of the South Interceptor Ditch is tributary to Woman 

Creek, which flows east to Standley Lake, a water supply for the City of Westminster and 

for portions of the cities of Northglenn and Thornton. In 1990, water discharges from 

Pond C-2 were piped, in accordance with National Pollutant Discharge Elimination 

System (NPDES) (EPA 1984) bypass limitations set by EPA, to a diversion ditch that 

skirts Great Western Reservoir. Woman Creek also delivers some water offsite to 

Mower Reservoir. Preliminary modeling of the Woman Creek basin (using CUHP) 

shows that the 2-year, 2-hour storm would result in a flood peak of approximately 35 

cfs at the basin outlet. 

IAG Section XI1 Workplan: Rev. 0 9 
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Another modeling effort using the Soil Conservation Service TR-20 hydrologic model 

indicates that the 25-year, 2-hour storm results in a flood peak of approximately 595 

cfs at the outlet (EG&G 1990d). To date, the largest flow observed at the outlet from 

monthly monitoring was 8 cfs during the month of May. 

The Walnut Creek drainage basin traverses the western, northern, and northeastern 

portions of the RFP site and receives runoff from the majority of the plant complex. 

through a diversion ditch bypassing Great Weste 

portion of the City of Broomfield and located approxi 

confluence. Preliminary modeling of thi 

2-hour storm would result in a flood pea 

basin. Modeli 

flood peak of approximately 

the outlet from monthly mo 

oir, ‘a water supply for a 

one mile east of this 

imately 50 cfs at the outlet of the 

In addition to natur 

diversion canals in the general vicinity of RFP. The Upper Church, McKay, Kinnear, and 

Reservoir Co. Ditches (diversions of Coal Creek) cross the site. Upper Church Ditch 

delivers water to Upper Church Lake and Great Western Reservoir. McKay Ditch also 

supplies water to Great Western Reservoir. Kinnear Ditch and Reservoir Co. Ditch 

divert water from Coal Creek and deliver it to Woman Creek and eventually to Standley 

Lake. Last Chance Ditch flows south of RFP and supplies water to Rocky Flats Lake and 

Twin Lakes. Smart Ditch diverts water from Rocky Flats Lake and transports it offsite 

to the east. The South Boulder Diversion Canal, located immediately west of the western 

RFP boundary, diverts water from South Boulder Creek and delivers it to Ralston 

Reservoir, a water supply for the City of Denver. 

nd the South Interceptor Ditch, there are seven ditches or 
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2.4.3 RFP Detention Ponds and Drainages 

Dams, detention ponds, diversion structures, and ditches have been constructed at RFP to 

control the release of plant discharges and surface (storm water) runoff (see Figure 

2.6). The ponds located downstream of the plant complex on North Walnut Creek are 

designated A-1 through A-4. Ponds on South Walnut Creek are designated B-1 through 

B-5. These A- and B-series ponds receive runoff from the plant complex. Ponds A-1, 

A-2, 6-1, and B-2 are non-discharged (retention) ponds. V 

Ponds A-1 and A-2 by over-pond spray evaporation, and 

is transferred t treated effluent 

from the Sewage Treatment Plant (STP). Pond C-1 

receives natural flows, and Pond C-2, located im 

creek is diverted to the north around the pond), rec 

Interceptor Ditch as well as some natura 

retention pond (the Landfill pond) is locat 

downgradient of 

mode through spray evapor 

Walnut Creek o 

according to th 

This NPDES mo' 

Rocky Flats Clean 

monitoring of specific parameters at seven discharge points or outfalls (Table 2.1), and 

discharges at these points are normally in compliance with the permit. In addition to the 

specific NPDES monitoring requirements, all discharges to Walnut Creek and Woman 

Creek are monitored for plutonium, americium, uranium, and tritium concentrations. 

s are controlled at 

Ponds 6-1 and 8-2 

south of Woman Creek (the 

ow from the South 

named basin immediately 

.A-4, 6-5, or C-2) are regularly monitored 

P NPDES permit (CO-0001333). 

compliance reporting is the responsibility of the EG&G 

t Division (CWAD). The NPDES permit currently requires 
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Figure 2 . 6  RFP Detention Ponds  Schematic 
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Table 2.1 

NPDES Permit Discharge Outfalls 

I 

... ... ... ... ... 

This Workplan i 

one of several r 

brief overview o 

programs at RFP is 

Applicable federal and state regulations and DOE Orders governing oversight and 

management of industrial storm water and wastewater are complex and, in some cases, 

in apparent conflict with best management practice. Because of such conflicts, 

simultaneous adherence to regulations is a continuing challenge. 

orth in the IAG dated January 22, 1991. The IAG is 

ons affecting the management of surface water at RFP. A 

ory issues applicable to surface-water management 

The primary laws governing RFP are the Atomic Energy Act, the Department of Energy 

Organization Act, and the federal Water Pollution Control Act (more often referred to as 

the Clean Water Act or CWA. These laws are augmented by secondary state and federal 

regulations. A number of agreements and collateral laws are also applicable. 

The CWA, which applies to discharges of waters, is implemented in two ways. One 

manner of implementation is directed by EPA, which promulgates and enforces 
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regulations for monitoring of liquid discharges. As part of the NPDES established by 

Section 402 of the CWA, either the EPA Administrator or states with approved programs 

will issue permits that control and limit the discharge of any pollutant to the waters of 

the United States. These permits are administered for Rocky Flats by EPA's Region VI11 

office in Denver, Colorado. 

The second manner of implementation is through the Colorado Water Quality Control Act 

(Colorado Act) 

Supp. 1988). Although Colorado does not have the author, 

contents of NPDES permits for federal facilities, it is r 

classifications and water quality standards for the 

standards, which are generally basin-specific, are 

permit. This is the case for RFP. The State of Col 
the NPDES permits issued by EPA com 

classifications and standards. 

to -703 (1982 and 

lop its own stream 

ected in the federal NPDES 

also required to certify that 

The Colorado Act authorizes 

the Governor. The CWQCC' 

quality standards for state wat 

25-8-1 03 (1 9) 

contained in, or 

systems, waters 

distribution sys 

co m pl et e d . " 

QCC, whose members are appointed by 

romulgates stream classifications and water 

. State waters are defined by CRS Section 

all surface and subsurface waters which are 

rough, this state, but do not include waters in sewage 

t works or disposal systems, waters in potable water 

The Water Quality Control Division (WQCD) of CDH administers and enforces the water 

quality control programs adopted by the CWQCC. In addition to acting as staff to the 

CWQCC during CWQCC proceedings, the main tasks of the WQCD, as they relate to Rocky 

Flats, are to (1) enforce the provisions of the Colorado Act, (2) monitor waste 

discharges into State waters, and (3) review and grant requests for certification under 

Section 401 of the CWA. The WQCD must certify EPA NPDES permits for Rocky Flats. In 

August 1989, CDH also established a separate Rocky Flats unit to monitor compliance 

with federal and State environmental laws. The separate unit is funded by DOE as part of 

the Agreement in Principle (AIP) (DOE 1989). 



Table 2.2 

Comparison of CWQCC Stream Standards for Radiochemistry 

CWQCC Big Dry 
Creek: Seg. 4, 5 

Stream Standards 
Radionuclide (pC i /L )  

Americium-241 0.05 

CHS 
Statewide SDWA 
Standards Standards 
( p C i / L )  ( p C i / L )  

1 

lakes, and reservoirs, from the source to the 

reat Western Reservoir, except for specific listings in 
ainstems 'of North and South Walnut Creek, including all 

tributaries, lakes, and reservoirs, from their sources to the outlets of ponds 
A-4 and E-5 on Walnut Creek and Pond C-2 on Woman Creek. All three ponds 
are located on RFP property. 
'Lower standard applies to Woman Creek; higher standard applies to Walnut 
Creek. 
pCi/L = picocurie per liter, CHS = Colorado 
Health Standards (CDH 1989), SDWA = Safe Drinking Water Act. 

mrem/yr = millirem per year, 

2.5.3 NPDES Permit Requirements 

The NPDES permit authorizes seven point-source discharges, of which three (Ponds 

A-4, 8-5, and C-2) discharge into drainages leading offsite. The current NPDES permit 

expired in 1989 but was extended administratively by EPA when application for renewal 

was made in a timely manner. Issuance of the new permit is expected in late 1991. 
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There are no specific references or standards in the NPDES permit relative to the 

discharge of radionuclides, although there are two requirements relevant to general 

surface water management: (1) “there shall be no release of water from the final ponds 

within twenty-four hours following the precipitation event” and (2) “90% reserve 

holding capacity of the ponds shall be maintained.” It is important to note that water 

management activities must be conducted in accordance with the NPDES permit, the only 

legally enforceable document controlling water discharges from RFP. 

2.5.4 CWQCC Stream Standards 

The CWQCC is responsible for establishing desig 
the State and t t protect that use. At the 

December 1989 hearing, the CWQCC established 

and Great Western Reservoir and new se 

creating Segment 5 in the North and Sout 

for RFP Ponds A-4 and 8-5; Pond C-2 also 

feeds Segment 4, which inch 

Segment 5 is classified Agr 

The new water 

concentrations o 

at the end of a thre 

requirement for the 1993 standards setting, a water quality monitoring program will be 

required at possible future points of compliance and at the raw water supply, as its 

origins are in natural deposits known to contain radionuclides and subject to impact by 

seasonal precipitation events. 

standards for Standley Lake 

eek drainages, ending at the dams 

ed part of Segment 5. Segment 5 

ecreational Class 2. 

onitoring period in 1993. To meet the monitoring 

3.0 Current Surface-Water Management Practices 

General site characteristics were described in previous sections of this Workplan. This 

section provides more detail on the subjects specifically addressed in the Workplan. The 

information presented in the following paragraphs covers four topics: 

Pond operations, including maintenance of pond levels in accordance with the 

NPDES permit to afford spill containment volume and treatment of water 

prior to discharge. 
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Management of pond discharge. These activities include pre-discharge 

operations, sampling and analysis, approval routes, and management of upset 

conditions that require suspension and resumption of discharge. 

Statistical evaluation of all currently available information on radionuclide 

concentrations in pond water from 1988 to date. 

Identification, screening, development, and implementation of treatment. 

3.1 Pond Operations 

Water is used at RFP for domestic purposes and p 

process applications is not released; it is treated a 

plications. Water used in 

ed within the process loop to 

largely evaporative loads. Approximately 10 to 15% of the flow to the sanitary system 
. .  

is from miscellaneous industrial sources 

water from stainless-steel part cleaning, 

ooling tower blowdown, final rinse 

d photographic wastes (after silver 
. . . . . . . 

recovery). RFP ts and holds no claim to complete 

consumptive use of water tual arrangements. Water entering the 

plant and not consumed in is returned to the stream, following treatment, 

to benefit downstre sire of downstream entities to prevent discharge of 

water from RFP 

implications of t 

explored in depth. 

ater supplies will probably affect this practice, but the 

harge on the rights of downstream users have not been 

The RFP pond system accumulates water flows of two basic types, treated sanitary and 

domestic effluent (wastewater) and precipitation runoff (return flows). Historically, 

the B-series ponds collected mainly treated sanitary effluent with some seasonal runoff, 

and the A- and C-series ponds accumulated precipitation runoff and other return flows. 

This source distinction is important because the seasonal nature of the two flow types 

determines, in part, the available pond operational modes. Because the A- and C-series 

ponds accumulate runoff and other return flows, their fill rates are seasonal (high in 

spring and falling to zero in the winter months). The lower B-series ponds, however, 

accumulate persistent flows of treated STP effluent. These flows increase during the 

spring runoff but continue substantially throughout the winter. Different strategies are 

required to manage flows, provide water detention and sampling, and conduct required 

water treatment at different time periods. 
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3.1 . l  Pond Surveillance 

RFP ponds serve three main purposes: monitoring and control of water quality, spill 

control, and storm water detention. Pond operations are separable into two basic 

functions, maintaining the impoundments and managing the water they accumulate. 

Normal operational activities include: 

Logging pond status information, including pool elevation and water inflow 

and outflow. 

Recording dam safety information, includi vels, and visually 

inspecting embankments and side slop 

Controlled downstream release of Pond 

cking or sloughing. 

A-4, 8-3, B-5, and C-2, in 

accordance with applicable N 

future flows. 

requiremzrits, to maintain capacity for 

:.the Landfill Pond and Ponds A-1 and A-2 

ntain those ponds in a zero-discharge mode. 

.ponds to equilibrate rainfall capacities, conduct 

er treatment operations. 

samples to evaluate and demonstrate water quality. 

Discharges of ponds in accordance with the RFP NPDES permit. 

Operation of treatment systems at terminal Pond A-4, as required, to assure 

water quality. 

RFP ponds are operated in a manner consistent with best management practices 

regarding dam safety while ensuring the highest quality water releases to downstream 

users. In addition to pond management programs that ensure high quality water, RFP 

conducts an integrated dam safety program to minimize the risk of dam failure and the 

accompanying uncontrolled release of contaminated sediments and large quantities of 

impounded water. Pond pool elevations (and dam piezometer levels at Pond 8-5 only) 

are recorded three times per week, although the frequency is increased when heavy 

precipitation occurs or continually high pool levels are present. Additional assurances 
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of dam integrity are provided by visual inspections of embankments and side slopes for 

cracking or sloughing. RFP dams and safety practices are routinely reviewed by the 

U. S. Army Corps of Engineers and others. 

If an emergency situation involving excessive water levels develops, a draft Contingency 

Plan for Unplanned Releases and Emergency Discharges from Rocky Flats Detention 

Ponds A-4, B-5, C-2 identifies actions and responsibilities for corrective measures. 

emergency situation. 

controlled release of water from the affected pon 

3.1 .2  Pond Locations and Descriptions 

Ponds A-1, A-2, B-1, and B-2 have been .since the early days of plant 

which was built in 1974, is zero-discharge mode. Ponds B-1 and 

8-2  are used to collect ups .flows from the STP. Ponds A-1 and A-2 collect 

itation runoff from the northern area of the plant 

when meteorol ns, and pond levels are appropriate. Equalization of 

catchment volume plished by transferring water among the upper ponds. Pool 

control and to prevent uncontrolled spillway release of water due to unexpectedly heavy 

precipitation. 

Downgradient of Ponds A-1 and A-2, Pond A-3 collects and initially detains most of the 

runoff from the northern plant areas, whereas water from the S I P  bypasses Ponds B-1 

and 8-2 to enter B-3 directly (Figure 2.6). Pond A-3 is operated in the "detain, 

sample, analyze, release" mode at a frequency determined by inflow versus catchment 

volume. Impoundment construction in these cases (Ponds A-3 and 6-3) allows safe 

accumulations of routine pool levels in excess of 50 percent of capacity. Releases from 

both ponds are regulated by, and discharges are performed in accordance with, the RFP 

NPDES permit. 
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Pond A-3, which collects the substantial portion of the North Walnut Creek and northern 

plant site runoff, is released periodically to Pond A-4. Sampling is conducted prior to 

release to ensure high-quality water. Timing of this release is dependent on anticipated 

inflow of storm-water runoff, current pool level of both Ponds A-3 and A-4, and the 

existence of operable treatment facilities at Pond A-4. The goal is to equalize the 

retained volumes in both ponds such that neither pond is maintained for extended periods 

of time at greater than 50 percent of capacity. 

Pond 6-3 accumulates treated sanitary effluent from the S 

250,000 gallons per day) and because of its lim 

mukt be released to Pond B-4 (a flow-through pon 

Pond 6-5. Water from Pond B-3 was predominan 

until regulatory concerns resulted in a 

(The issue of spray irrigation could be re 

6-3 is also a NPDES discha 

accordance with the requir :. permit. Biomonitoring, including Whole 

Effluent To x icit 

minnows per the 

Ponds A-4, 8-5, a 

art of the total pond management 

e a valuable management tool.) Pond 

conducted using ceriodaphnia and fathead 

re constructed and placed into service in the early to mid- 

opportunity for monitoring and controlling possible contaminants. The terminal ponds 

are designed as detention structures to be drawn down routinely to the 10 percent pool 

level. These ponds are designed to contain the 100-year rainfall, and maximal capacity 

for storm-water detention is provided when pool levels are kept low. Treatment 

systems designed for removal of 0rgani.c and certain inorganic (and radionuclide) 

contaminants are available for the terminal ponds and can provide conditioning of water 

prior to discharge. 

3 .2  Pond Discharge Management 

The detailed procedures that are followed to initiate, terminate, and resume discharge 

from the terminal ponds are presented in this section. The narrative is augmented by 

flow charts showing approval routes (Figures 3.1 and 3.2). 
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3.2.1 Overview and Justification 

There are three main goals in effective pond management: (1) to ensure adequate control 

of runoff through detention of a major storm event; (2) to ensure high-quality water 

discharges through routine monitoring and treatment for likely contaminants prior to 

release; and (3) to provide spill control and containment. These goals have guided pond 

operations for many years, but they were expanded in scope as a result of the events 

following the chromic acid incident (Feb stigations. As a 

result of allegations of water contamination by exotic and h chemicals, increased 

monitoring and assessment of RFP water ia the Agreement 

in Principle (AIP). In addition, the allegations res 

well as concern expressed by downstream water 

requirements for reporting and control by the pond 

allow CDH to sample and analyze water 

originally established by a 1979 Memoran 

rther resulting in expanded 

ns program. Agreement to 

erstanding between DOE and CDH. 

..... 

Since temporary water quali 

upper reaches of Walnut C 

treatment of wa 

1989 time frame, 

stringent disch 

closely monitored 

s were proposed (June 1989) for the 

an Creek (originating in RFP controlled areas), 

en conducted to meet standards. Since the mid- 

RFP terminal ponds has met the new, more 

d its subcontractors as well as by regulatory agencies. 

of pre-release and discharged water has been 

The newer stream standards necessitate extensive analyses for minute quantities of 

possible contaminants and radionuclides and also substantially increase the lead time 

required to conduct a water release. The impact of this change has been an increase in 

the effort (and cost) of demonstrating high-quality water.. 

1 
I 
I 
I 
I 

3.2.2 Pre-Discharge Evaluation 

The decision to initiate pond discharge occurs after assessing anticipated runoff/- 

recharge flows and current pool levels (Figures 3.1 and 3.2). Because the presence of 

contaminants cannot be established without analysis, samples of pond water must be 

acquired as early as possible. The need to pursue sampling as early as possible conflicts 

with the goal of acquiring representative measurements of discharge contaminant levels, 
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Figure 3 . 1  Discharge Management Flow Chart I 
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Figure 3 . 2  Discharge Management Flow Chan 11 
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as the pond content may vary with fresh inflow following sampling. As the minimum 

time for processing onsite radiochemical samples (i.e., analytical turnaround) is two to 

three weeks and offsite turnaround is 61 days, adequate sampling lead time must be 

available before release is required. 

Unavoidable delays in receiving analytical results represent a key operational difficulty 

and present considerable challenges during high runoff periods. The single major 

prerequisite for release of RFP pond water is su e of contaminants 

in discharged water. Because the outcome of sample analy 

treatment facilities must be operational at the ti 

both raw and treated water samples. This appro 

discharge due to stray contaminants when the on 

w collection of 

e samples are of raw water. 

3.2.3 Treatment Limitations 
.... ... ... 

n the event that contaminants are 

, the remote location of the terminal detected in RFP terminal PO 

ponds and freezing season 

for four months of the year. 

es make existing open-air operations difficult 

r is required for conveyance to the treatment 

can be encountered when water is near 

t systems are initially operated in the recirculating 

e pond) mode, and samples are drawn from raw and treated (returning water to 

water. 

After sample collection, treatment can be suspended to conserve resources and minimize 

waste generation. However, in the absence of flow, unheated treatment system 

components can quickly foul in sub-freezing conditions and may become inoperable 

before permission to discharge is obtained. Heated enclosures that cover the treatment 

facilities and that pass Health and Safety and NEPA review are being installed to improve 

winter operability. 
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3.2.4 Water Sampling and Analysis 

Report ina Practices for Radiochemical D m  

RFP analyzes literally thousands of samples annually for low-level radiochemistry in 

gas, liquid, and solid matrices. (Rockwell 1988b; EG&G 1990c) Water samples are 

collected and analyzed according to established protocols by two or three independent 

analytical organizations. Analytical results are returned in a 

The reported sample result of mean analyte conce 

always be qualified by the measurement uncertaint 
is an estimate which should 

ctivity (MDA); this factor is 

termine a MDA, which depends on the 

riability and other 

method-specific parameters .: 

radiochemical analyte and alyzed. MDA is formally defined by the 

SB + 3/(TsEsY))/aV 

where, SB = standard deviation of the population of 
appropriate blank values (d/m) 

Ts=  sample count time (m) 
Es = absolute detection efficiency of the sample 

detector 
Y = chemical recovery for the sample 
a = conversion factor (d/m per unit activity) 
V = sample volume or weight. 
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- 
Percent 

Analyte 1 -liter Sample 5-liter Sample Recovery 
P u - 2 3 9  0.078 0.01 6 > 30 
P u - 2 3 9  0.094 0.01 9 3 0  
Am-241 0.082 0.01 7 > 30 
Am-241 0.094 0.01 9 3 0  

Current MDA's (pCi/liter) for RFP 123 Laboratory water analysis* are: 

Importantly, as the estimated sample mean approaches some lower limit, the 

measurement uncertainty associated with that sample value approaches or overwhelms 

the magnitude of the measured value. The uncertainty or variability must be considered 

in evaluating the significance of the reported value. Certainly data falling near or below 

the reported uncertainty level or MDA should be viewed with caution since these data 

will have a high relative variability. Comparisons between any such data values should 

also be made with caution; appropriate statistical tests should be applied to determine 

the significance of any numerical differences. 
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Neptunium-237 

Thor ium-230,232 

Extensive analyses for radionuclides are conducted on water from terminal ponds under 

consideration for discharge. Pond water is analyzed for the radiochemical parameters to 

the detection limits listed in Table 3.1. 

1 
1 

Table 3.1 

Detection Limits for 
Radiochemical Parameters in Water Samples* 

I I Detection Limit. 1 

,.::>:.. 4 ...... 
1 ....... ........ 

Gross Beta 
........ ..... ....... 

...... ...... ....... ... ...... ...... ....... Kjym-244 1 

Analvtical Method Limitations 

Standard radiochemical analyses utilize characteristics of the radioactive decay process, 

itself, in identifying and quantifying radionuclides. As such, practical lower limits of 

Detection limits (DLs) are sensitive to sample volume; listed DLs are characteristic of 
5-liter sample volumes, whereas, ''the majority of current and historical data were acquired 
using 1-liter samples whose corresponding DLs were five times higher. Apparent 
inconsistencies with Workplan Section 3.2.4 MDA values for Pu and Am are due to rounding. 
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detection for radionuclides are limited by the activity of the sample. The concentration 

of radionuclide in the sample is calculated from the relationship, 

Quantity of Radionuclide = Count Rate / Constant 

where the "constant" is related to the half-life of the specific radio-isotope. Current 

MDAs for plutonium and americium depend on, among other factors, the volume of 

sample collected. Normal RFP are shown 

above. Currently, the majority of samples for plutonium a 

one liter in volume for wh 

The accuracy and reliability of routine plutonium a 

are questionable. 

ricium analyses are 

Within practical constraint 

volumes and longer counting times. The 

generally offset by the tim 

volumes and the increased ri 

procedure. The current ons tical scheme optimizes sample throughput and 

turnaround using a one lit 

of this increased sensitivity are 

The following an 

RFP: 

ods are used to analyze surface-water samples collected at 

1 . Gross Alpha and Beta - Method 302, "Gross Alpha and Beta Radioactivity in 

Water," Standard Methods for the Examination of Water and Wastewater, 13th 

Ed., American Public Health Association, New York, New York, 1971. 

2. Radium226 - Method 305, "Radium 226 by Radon in Water," ibid. 

3. Strontium-89,90 - Method 303, "Total Strontium and Strontium 90 in Water," 

ibid. 

4 .  Cesium-734 - ASTM D-2459, "Gamma Spectrometry in Water," 7975 Annual 

Book of ASTM Standards, Water and Atmospheric Analysis, Part 31, American 

Society for Testing and Materials, Philadelphia, Pennsylvania, 1975. 
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5. 

6. 

7. 

Uranium - ASTM D-2907, "Microquantities of Uranium in Water by 

F I u o r o m e t ry , " i b i d . 

Tritium - "Developed and Modified Method for Tritium," Procedures for 

Radiochemical Analysis of Nuclear Reactor Aqueous Solutions, H.L. Krieger and S. 

Gold, EPA-R4-73-014. U.S. EPA, Cincinnati, Ohio, May 1973. 

Neptunium-237 - "Developed and Modified Method for Neptunium," ibid. 
. . . . . . . 

For the following elements, no reference method was locat texts specified by 
. . .. ... 

40 CFR 141.25. The following analytical method from EPA laboratory 

publications and DOE procedures, are used at RFP. 

1. 

2 .  

3 .  

4. 

5. 

Radium-226,228 - "Determinati 

Soil, Air, and Biological Tissue," 

Analysis of Environmental Samples 

adium-226 and Radium 228 in Water, 

ical Analytical Procedures for 

EPA Environmental Monitoring and 
...... 

Support Laboratory, 

Determination of Plutonium, Uranium, and 

and Biological Tissue," ibid. 

Americium - "Americium-241 and Curium-244 in Water, Radiochemical 

Method," Department of Energy Environmental Survey Manual, 4th Ed., U.S. 

DOE, Washington, D.C. 

Cur ium-244 - ibid. 

Both raw and treated pond water samples are analyzed by three independent parties, 

including CDH. Collected samples are split and preserved as appropriate for transport to 

onsite and offsite laboratories. Currently, key pre-discharge samples (and many 

others) are analyzed independently by CDH, RFP, and an offsite contractor to RFP. 

Offsite contracted laboratories currently use RFP's General Radiochemistry and Routine 

Analytical Services Protocol (GRRASP) (9/14/90 Rev. 1.1). 
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Accurate determinations of extremely low radionuclide concentrations require prolonged 

sample turnaround times; for many parameters, these time frames exceed two weeks for 

onsite determinations and are frequently greater than 61 days for offsite laboratories. 

Until analytical results are received, any water passing through the treatment systems 

is recirculated (without discharge) to the source pond. 

3.2.5 Approval to Discharge 

st be performed by 

CDH before discharges from the treatment systems can be r 

concurrence is d 

subsequently directs EG&G and the current treat 

direction of EG& 

em operators (under the 

ncurrence on discharge is 

are available to indicate that 

the water is of high quality and meets al 

Woman Creek. 

be completed. 

ts for release to Walnut Creek or 

I for any diversion of water from Woman Creek to Walnut 

Creek or the Bro ersion Ditch (BDD). During periods of treatment system 

water quality. Additional sampling for specific radionuclides is performed to 

characterize the quality of water during discharge, and these results are reported at 

monthly information exchange meetings attended by representatives of the State, RFP, 

local municipalities, and other interested parties. 

3.2.6 Current Discharge Mode 

Water from Pond 8-5 is transferred to Pond A-4 for treatment, and discharges from 

Pond A-4 are currently treated and outfall into Walnut Creek. Although the water 

routinely met CWQCC standards, all CDH discharge concurrences, to date, have required 

treatment (Section 3.4.1). The effluent is voluntarily diverted to the BDD, beginning on 

the east side of Indiana Street. Water from Pond C-2 is treated and conveyed overland 

and northeast by pipeline to the BDD. The onsite, piped diversion was approved by EPA, 
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and the water release to the BDD was negotiated with the City of Broomfield. The 

diversion pipeline from the Woman Creek to Walnut Creek drainage was completed at the 

request of the City of Westminster (which wanted no RFP water entering Standley Lake). 

The BDD is not tributary to Walnut Creek and outfalls into Big Dry Creek below Great 

Western Reservoir; therefore, the Reservoir was not impacted by discharges of Ponds 

A-4, B-5, or C-2. Water from the diversion pipeline 

already in place; however, EPA approval to convey the 

1990.  

3.2.7 Interruption or Suspension of Discharge 

entered the BDD, which was 

Pond C-2 to BDD ended December 

Operational personnel routinely track water quali 

treatment operations or analytical results that can 

shutdown of discharge. Anomalous anal ing possible exceedence of 

discharge standards trigger notification of 

Broomfield, Wes 

immediate suspension of dis rce pond is the preferred 

alternative until confirmatio received. This option, which will be used 

when single "hit 

encou n t er ed , s ho water consumers while 

avoiding delays 

When anomalous or elevated analytical results are reported, any number. of causes 

(laboratory error, sample contamination, reporting error) are possible. The result 

may also be accurate. The anomaly is investigated to verify or discount it through a 

combination of quality assurance and quality control checks and re-evaluation of any 

remaining sample. Analytical procedures are checked and additional sample portions are 

analyzed to determine if laboratory error or sample contamination occurred. 

Additionally, comparison with results from sample splits with one or more of the 

independent laboratories may be available. Multiple samples and analyses of water 

samples are desirable to ensure confidence in parameter measurements. 

eters for anoinalies in 

mporary or prolonged 

ownstream cities of 

Arvada and may result in 

esults that may be resolved quickly are 

Ideally, contaminant levels verified above standards in treated water would require re- 

evaluation of treatment measures before discharge is resumed. However, continuous 

inflow to the ponds does not permit indefinite complete suspension of discharge, and the 
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decision to release water may be necessary to protect the structural integrity of the 

dams. 

3.2.8 Pond Level Operational Goal 

Operational approach will vary slightly with seasonal runoff, with March to June as the 

most critical time period. The general approach is to reduce the risk of dam weakening . 

d volumes below 20 

in a restart of the entire sampling, analysis, and a 
frequent and of significant duration, pond levels rou 

those directed by dam safety considerati 

ycle. When these delays are 

normally terminated when the residual pond water 

volume is at or 

is one measure 

3.3.1 Basis and Scope of Study 

Regulatory agencies and members of the public have shown concern over potential 

impacts of RFP operations on the quality of surface water in the vicinity of RFP. In 

response to this concern, RFP conducted a statistical assessment of available data for 

radiochemical contaminants (plutonium, uranium, and americium, gross alpha, and 

gross beta) in water to identify differences between impacted and unimpacted water 

sources. (Bauer 1990) 

Levels of radiochemical contaminants in samples collected from several surface-water 

sources in 1988, 1989, and 1990 were analyzed by standard.statistica1 methods. Mean 

and median concentrations for radiochemistry in the various sources were compared to 
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reveal differences among the locations. Water quality data were compiled and compared 

for the following locations: 

Pond A-4 

Pond B-5 

Pond C-1 

Pond C-2 

South Boulder Diversion Canal) 

Walnut Creek (at Indiana Street) 

3.3.2 Summary of Statistical Results 

Although more data are required to impr 

evaluations of average radiochemical lev 

indicate minor differences in levels of radi 

water sources. Results are 

r from the six locations (above) 

contaminants among the various 

-2 appear higher than the remaining five 

rather large values. Mean plutonium concentrations at the 

ons are not statistically different from one another. 

2. No statistically significant differences existed for the mean americium 

concentrations among the six locations. 

3 .  The mean uranium concentration in Pond A-4 is significantly higher than the 

mean uranium concentration at the Walnut Creek sampling location, which is 

statistically higher than the remaining locations. 

Selected results of statistical assessments of plutonium, americium, and uranium 

concentrations in subject RFP surface waters are summarized in Tables 3.2, 3.3, and 

3.4. 
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Average Plutonium Concentration 
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L 

Table 3.3 
Average Americium Conc ion 

statistically different from one another. 

Table 3.4 
Average Uranium Concentration 

Means sharing a common letter in the grouping column are not 
statistically different from one another. 
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Common practice in comparisons of this sort is to separate populations into groups 

which show no statistical differences in the parameter of interest. Means sharing a 

common letter in the grouping column (above) are not statistically different from one 

another. Groupings highlight statistically significant differences, if any, in mean 

concentrations between locations. For example, the Table 3.2 mean plutonium 

concentration for Pond C-2 (group A) is significantly higher than the remaining five 

locations (group 6). The mean plutonium concentrations at the five remaining locations 

are not statistically different from one another. As an aid in aring mean plutonium 

concentrations, and those for the other radionuclides, the 

significant differences between the means. 

Few statistically significant differences in the avera 

constituents occur between upstream and 

8-5 show no difference from RFP raw w 

cent rations of radiochemical 

n plutonium and americium levels, 

plutonium level than other locations. A 

possible explanation is that 

high spring runoff. 

Some Walnut Cre 

the RFP area cont 

are likely due to inhomogeneous distributions of these natural deposits. 

rous deposits of natural uranium and significant differences 

3.3.3 Assessment RFP Water vs. CWQCC Stream Standards 

CWQCC has set the stream standards listed in Table 3.5 for water at Walnut Creek and 

Indiana Street and at outfalls of Ponds A-4, 8-5, and C-2: 
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Radionuclide* 

Plutonium 

Americium 

Uranium 

Gross Alpha 

Standard (pCi/L) 

0.05 

0.05 

1 0 / 5 * *  

1 1  /7'* 

Statewide standards for Cesium-I 3 
Strontium 90, Thorium 230 and 232 als 
** First standard is for Walnut Creek, the 

I 
I 
I 

. ... .... ... 
Creek (including Pond C- 

CWQCC stream standards were determine FP by statistical evaluation of ambient 

water data and established t 

derived from ambient water' 

Creek locations during the a 

1989. The stand 

in water quality. These standards were 

ollected from the Walnut Creek and Woman 

time period of January 1984 through May 

he mean of the data plus two standard deviations 

ce level) and assumed normal data distributions. As a 

consequence of thi , exceedences of the standards would be expected 

distribution) or 2.5 percent of the time per analyte. However, the skewed, non-normal 

nature of the data will likely result in a considerably greater percentage of exceedences; 

distribution-free analysis of the actual water quality data indicates actual exceedences 

for plutonium occur roughly 7 percent of the time (see below). 

(i.e., only for the upper tail of a tw'o-tailed 

Available data on plutonium, americium, and uranium levels for RFP raw water and 

surface waters in surrounding areas were compiled for 1988 through 1990. 

Comparisons were made to assess the relative quality of local water sources in relation 

to CWQCC stream standards for Segment 4 of the Big Dry Creek Basin. The goal of the 

comparisons was to assess the relative quality of RFP water and other local water 

sources in relation to the CWQCC stream standards. Although results are preliminary 

and the analysis rather simplistic, significant percentages of single-sample exceedences 

are found for plutonium and americium (but not for uranium) levels in offsite water. 

IAG Section XI1 Workplan: Rev. 0 38 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Thornton 

Westminster 

Others" 

Totals 

This result is most likely an artifact of analyses conducted near the minimum detectable 

activity (MDA )(as evidenced by negative concentrations) and natural variability 

expected from the definition of the CWQCC standards around the 95% confidence interval. 

Comparisons are shown in Tables .3.6 through 3.8. (Additional comparisons of various 

RFP and non-RFP waters to the CWQCC stream standards appears in Appendix 1 1 . )  

11 0.008 1 

35 -0.001 0 

12 0.006 1 

263 ----- 2.3% 

Table 3.6 

Comparison of Plutonium Concentra 
in Surface Waters and in Surrounding Areas' 

I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0 ooo ..:::.:.::.. . .  . .  Arvada 11 . .  
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Table 3.7 

Comparison of Americium Concentrations 
in Surface Waters and in Surrounding Areas' (1 988-Present) 

RFP monthly reports. 
h Boulder Diversion Canal, Ralston Reservoir, Dillon 
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Table 3.8 

Comparison of Uranium Concentrations 
in Surface Waters and in Surrounding Areas* (1 988-Present) 

r Diversion Canal, Ralston Reservoir, Dillon Reservoir, and 
Boulder Reservo 

3.3.4 Conclusions of Statistical Study 

Radionuclide levels in water discharged from RFP routinely meets CWQCC stream 

standards based upon the 30-day running average (see Appendix 11). These radionuclide 

levels are approximately 0.1 to 1.28 percent of the applicable health-based Derived 

Concentration Guides (DCGs) specified by DOE Order 5400.5, “Radiation Protection of 

the Public and the Environment.” These DCGs are based on recommendations of national 

and international advisory groups, and on radiological protection standards set by other 

federal agencies. 

Analysis to date on existing data indicates extremely low concentrations of radionuclides 

in water both influent to and effluent from RFP and with the exception of the slightly 

elevated plutonium levels in Pond C-2 water and uranium levels in some Walnut Creek 
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locations, radionuclide levels show only minor differences among the sampling sites. 

Frequency distributions for the radionuclide data show non-normal characteristics that 

suggest careful consideration of actions or reactions based on single-value exceedences is 

appropriate. 

In addition, if CWQCC stream standards for the RFP-specific segments of the Big Dry 

Creek basin were applied to other water sources decidedly unimpacted by RFP, routine 

exceedences of radionuclide standards would be expected to 

statewide basis. 

3.4 Current Treatment Approach 

3.4.1 Current Treatment 

In March 1990, RFP began treating colle 

As noted above, the new str 

plutonium, americium, urani 

radionuclide st 

water in an attempt to meet 

ded radiochemical standards for 

ha, and gross beta as well as other 

chemical standards, RFP initiated an evaluation of treatment 

icable to the removal of radiochemical contaminants from tech no log ie s pot en 

pond water. This initial evaluation, which included both literature reviews and vendor 

contacts, concluded that the primary radionuclides of concern (plutonium and 

americium) were most likely associated with suspended particulate or colloidal material 

(organics, silicates) in the ponds (Orlandini 1990; Penrose 1990; EG&G 1990a). 

Therefore, RFP believed that reductions in radionuclide concentrations would result 

from treatment utilizing a filtration system capable of removing a significant percentage 

of the total suspended solids (particulate matter greater than 0.45 micron). This would 

theoretically result in a corresponding reduction in radionuclide levels. 

Simole FiltratioWFilter Baa Evaluations 

Preliminary field evaluations of 0.5 micron-rated polyester filter bags, using actual 

pond water at a flow rate of approximately 200 to 300 gallons per minute (gpm), 

indicated that concentrations of indicator parameters (gross alpha and gross beta) were 
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effectively reduced. Based on the performance of the filter bags in this limited test and 

the impending dam safety considerations, a full-scale treatment operation utilizing 

systems of 10 micron, 5 micron, and 0.5 micron filter bags placed in series was 

implemented. 

After a period of system operation in the field, it became apparent that the anticipated 

reduction in the levels of gross alpha and gross beta (and the related reduction in 

process. Upon 

further review, it also became apparent that the total suspe, ds were not being 

Further field evaluations using alternative filter S 

by other suppliers were conducted. Initial indication 

filtration system can be measurably incr 

filter housings. However, it remained u 

filter housings manufactured 

ilter socks and the 

her continued treatment for removal 

hat the effectiveness of the 

bring about a 

corresponding reduction in t nuclides of concern. 

through an RFP contractor to evaluate all technologies, and 

combinations of te s, that could result in the required radionuclide removal 

rates. (IT 1990) The 

the size of the treatment system, quantity and manageability of waste generated, and 

overall cost. (The partitioning of plutonium and americium contaminants between 

particulate, colloidal, and dissolved phases in RFP pond water is currently unknown. 

Evaluators utilized knowledge and experience of uranium removal to simulate removal of 

dissolved actinides.) The following is a summary of the study conducted by the 

contractor and based on literature and vendor contacts. 

ation focused on removal of dissolved uranium and considered 

Twelve alternatives were evaluated with regard to performance, costs, and waste 

generation. Of these, six utilize ultrafiltration (UF) as a final polishing step for 

removal of uranium. The six UF alternatives were evaluated and were found to be 

comparable in performance, except for the final unit operation, to the alternatives using 

ion exchange. In order to simplify the overall evaluation, a separate comparison was 
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made between UF and ion exchange based on the presence of dissolved uranium. Ion 

exchange was recommended for further work. 

Treatment methods for conditioning pond water include technologies such as 

settling/clarification, dissolved air flotation, and filtration. Conditioning would be 

followed by carbon adsorption for removal of organic contaminants and ion exchange or 

UF for uranium removal. A list of the favored methods follows: 

Parallel plate separator, followed by polishing 

,.... 

As immediately above, followed by pol 

Sand filtration, with the bac 

thickener and filter press, f 

with cart ridge f iI t ration. 

ter being treated by a sludge 

ng with cartridge filtration. 

Dissolved air flotation, foll ith sand filtration. 
...... 

As immediately .ed by polishing with cartridge filtration. 

. . . . . . . . 

ckwash of the sand filter being treated by a 

tion unit and filter press, followed by . polishing with 

This treatment train assumed no chemical precipitation would be used. A chemical 

precipitation process should be considered in conjunction with, or as an alternative to 

ion exchange in developing future treatment trains for evaluation. Thus, conditioning 

could treat precipitated as well as suspended radionuclides which occur in the influent. 

Evaluation of these alternatives to select preferred methods is dependent on further 

bench- and pilot-scale testing. A summary of proposed treatment evaluations is 

presented in Section 4.4.1 of this Workplan. 
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Bench-Scale Tesb 

Bench-scale tests in the form of jar tests were performed in late July 1990. The basic 

tests on Pond 8-5 water samples were performed to determine effective doses of 

coagulant and flocculant needed to cause sedimentation of the suspended solids. Tests 

were conducted on Pond 6-5 water samples, as a 

typically had the highest concentration of suspended solids 

C-2. The jar tests showed that a dose of cationi 

(ppm) followed by a 0.5 to 1.0 ppm dose of anioni 

sediment to form. The addition of clay caused rap 

that Pond 8-5 

onds A-4, 6-5, and 

1.  

2. 

3. 

...... ..... .. . ... 

upplied to Los Alamos National 

hemical analyses designed to 

NL performed bench-scale evaluations of 

Ily when augmented by 

alytical results are still 

Laboratory (LANL) for speci 

determine accurate contami 

americium levels measured by routine analytical alpha 

spectrometry were in agreement with results of these special analyses which 

used mass spectrometry. These early results suggest that high precision 

mass spectrometry confirms the accuracy of routine alpha spectrometry. 

Plutonium and americium levels in raw water samples were reduced 

significantly by filtration with 0.45 micron filters. 

Plutonium and americium levels in raw water were reduced even further 

(below filtration alone) by preceding the filtration with addition of clay and 

cationic flocculant. 
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4.0 Workplan to Control Radionuclides 

Workplan development is currently hindered by incomplete engineering data and 

analytical methodology. As the Workplan is implemented, fact finding, data analysis, and 

further engineering study and evaluations will improve understanding of technical 

issues and result in a refined technical approach. ..:.. ......... .._.... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Understanding the problem definition/goals/methods issue and crucial to 
... 

preparing this Workplan for control of radionuclide 

the following must be in place or available to de 

must be define 

and (3) the tools/methods to address th 

to remove contaminants presenting a rea 

available. However, with the exception lide-specific discharge 

standards and the goal of mi 

adequately defined. Issues e elements are further discussed below: 

As is recognize 

both to define th 

arise in evaluating 

estimate of the analyte concentration. The best analytical method provides only an 

estimate of the analyte concentration in the sample provided to the laboratory. In 

dynamic systems such as the RFP ponds, analyte concentrations can have temporal and 

spatial variability, and representative sampling becomes an important issue. Generally, 

analytical results from samples are assumed to be representative of their source and 

inaccuracies due to sample inhomogeneities or holdup are negligible; however, this is 

not necessarily the case with sub-pCi/L radionuclide determinations. Because existing 

evidence indicates the particulate/colloidaI nature of the radionuclide contaminants, 

variability due to sample sedimentation and mixing phenomena in the water source can 

be substantial. 

rges from .'Rocky Flats. Thus, 

Workplan: (1) the problem 

Is must be established, 

trol and treatment technology 

eed to be technically feasible or 

r pre-Workplan elements are 

tical methodology is obvious 

tamination and to evaluate treatment methods. Two issues 

ides in water: representative sampling and quality of the 

Available analytical methodology severely limits development and implementation of a 

Workplan designed to control radionuclides at the levels required. There are simply no 

standard analytical methods for routine and accurate determination of radioactivity in 
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the less than 0.05 pCi/L regime. A key limitation from a technical standpoint is the 

uncertainty associated with counting low levels of radioactivity whose decay rate is 

determined by natural laws. This limitation can be partially overcome by (1) 

improving counting sensitivity, (2) increasing sample sizes/volumes, (3) replicating 

analyses, and/or (4) increasing count times. However, these approaches are also not 

without problems, as other key problems and interferences may arise, including 

increased turnaround time, cross-contamination, and laboratory errors. 

Perhaps the single most fundamental, technical determinat 

the need for treatment, corrective actio 

quantitation of actual contaminant levels and their 

background levels. Only by comparison to ambie 

potentially impacted zones can the nee 

important to establishing the need for tr 

characterization, neither action levels n 

established. 

sider in evaluating 

lished. This evaluation is 

t requirements/standards can be 

Worktian Ora anizatim 

The following sect 

and work propos 

water from RFP. 

elements specified in IAG Section XII. These four elements are: 

of RFP Workplan which describes the actual plans 
to accomplish control of radionuclide levels in discharges of 

orkplan is separated accordingly to address the four 

Workplan Element #1: Control of Release of Radionuclides (4.1) 

Workplan Element #2: Assessment of Water Quality (4.2) 

Workplan Element #3: Analytical Methods (4.3) 

Workplan Element #4: Treatment Technologies (4.4) 

4 .1  Workplan Element #1: Control of Release of Radionuclides 

[The] Workplan [shall be] designed to control the release of radionuclides specified 

herein. The Workplan will require DOE to sample before any offsite discharges from 

onsife ponds occur. In accordance with the Agreement in Principle, the Workplan will 

require that split samples be made available to EPA and CDH ... DOE will report the 

results of the sampling and analyses to EPA and the State. 
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Until such time as treatment proven to be effective in removing radionuclides from 

water has been developed, the only means by which their release can be controlled is 

through control-of the water that contains them. Therefore, this section of the Workplan 

addressed two subjects: (1) the methods of control of release of waters from the RFP 

site and (2) the development and demonstration of treatment methods. 

4.1 .l Pond Management Equipment 

Operations and surveillance personnel are alert to equipme 

continually developing enhancement op 

implemented as funding is available. Re 

augmentation of pumping capacity and spray noz 

Pond A-2 and at the Landfill Pond. Pipi 

used for inter-pond transfers and better 

accurate monitoring of transfers are in 

spray evaporation to Pond B-2. No sc 

enance and are 

ents are routinely 

ncy to facilitate evaporation at 

permit spray pumps to be 

.is consideration of expansion of 

.. .. 

been developed. 

4.1.2 Dam Safety 

Annual inspectio 

Corps of Engineers 

tention dams are conducted by the U.S. Army 

ith the State Engineers Office (SEO) and Federal Energy 
..... 

Regulatory Commission:"'(FERC). Additional routine monitoring is conducted by RFP 

operations and surveillance personnel. 

The latest report on dam safety, which was prepared in November 1990, incorporated 

inspection results obtained throughout 1990 by DOE, the State, and FERC and contains 

more than 90 recommendations related to specific dams. These recommendations were 

listed according to priorities for implementation. Among the recommendations, only 

three were categorized as urgent (Priority 2): 

1.  
2. Fill crack in Dam B-5 

3. 

Downstream slope stabilization and toe protection for Dam B-1 

Monitor crack area at Dam B-5 
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Implementation of appropriate response actions for all recommendations was initiated 

fourth quarter 1990. The geotechnical evaluation required for Item 1 was initiated and 

will be completed by fourth quarter 1992. Item 2 will be completed by fourth quarter 

1991. Item 3 was implemented and is an ongoing activity. 

Priorities 3 and 4 are, respectively, "important" or "routine" as reflecting good dam 

safety practice. All are scheduled for implementation or further study, and many are 

contingent upon fiscal constraints. 

4.1.3 Runoff vs. Pond Level Model 

A computer (speadsheet) based model of annualiz 

(expected) precipitation and anticipated discharge ra 

quarter of 1990. An improved empirical 

factors will be completed by se 

4.1.4 Weather-Proofed T i  

vels as a function of normal 

s developed in the first 

The current tre 

Pond A-4. Wat 

treatment prior to 

conveyed from Pond 8-5 to Pond A-4 via a transfer line. A heated enclosure is being 

constructed to shelter treatment operations and provide weather protection at the 

centralized facility. The Pond C-2 to 8-5 conveyance will be accomplished using an 

extension of the existing conveyance from Pond C-2 to the BDD. Conveyance and 

enclosure improvements will be completed by fourth quarter 1991. 

Ponds B-5 and C-2 will be piped to this single facility for 

Because the major winter water flows accumulate in Pond 

4.1.5 Sampling and Reporting Requirements 

Samdina Proaram 

RFP will maintain an ongoing program for sampling and analysis for radionuclides in its 

terminal ponds (Le., Ponds A-4, 8-5, and C-2)., This sampling program will assess the 

quality of discharge water with respect to the CWQCC stream standards for radionuclides. 
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RFP will develop a sampling program that provides maximum parametric and temporal 

coverage within the constraints of available laboratory capacity and fiscal limitations. 

RFP will share the results of its monitoring program with CDH, EPA, and local 

municipalities at the information exchange meetings and will publish this information in 

a timely manner. 

RFP will conduct regular monitoring of terminal pond water quality for the following 

RFP will collect composite samples, made up of daily grab 

straight grab samples to determine the most app 

water for radioc 

sufficient volume to allow at least one re 

thod for routine sampling of 

amples held for possible re-analysis 

will be archive 

samples of the RFP termiri 

volumes to allow r 

similarly collect and retain sufficient sample 

RFP will coordinate onsite sampling efforts with CDH and other regulatory agencies, 

through appointed representatives, to assure that samples collected are identical among 

the various parties. Difficulties in access encountered by any party as a result of plant 

security measures will be resolved with RFP Security as they occur. RFP will not be 

under any specific obligation to analyze these split samples on a regular basis but will 

archive them for the purpose of providing confirmatory analyses for the regulatory 

agency as needed. These split samples will be retained by RFP for a period of at least 30 

days following the receipt of results of samples collected by the regulatory agency. 

resentative Samding 

Representative samples will be collected by RFP from waters to be discharged from the 

terminal ponds. At a minimum, these will include samples of water that have passed 

through any operational treatment system prior to discharge. In cases where water 
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from one terminal pond is conveyed to another terminal pond prior to release, regular 

samples of water from the first pond prior to its mixing with water in the receiving 

pond will also be collected. In cases where pond discharges are expected to be curtailed 

for substantial periods, CDH and RFP will negotiate continuing pond treatment on a 

recirculating basis for the purpose of data collection. 

Waters from the terminal ponds will be analyzed by RFP and any other entities 

collecting terminal pond waters, using methods c 

parameters with sufficient accuracy and precision and at 

levels to provide reliable comparison with the CW 

proposed for EPA validation in Section 4.3 of this 

completed the validation process for these or 0th 

methods that have been determined adequate up to pr 

emical methods, the analytical 

will be continued. 
... 

4.1.6 Application of CWQCC Stream Stan 

...... ...... ...... ..... ...... ...... ...... ........ ....... .......... ...... ........... ..... 
a a 30 -Dav Ru 

................... .... .... nnina Aver= ;<;zzl:, ... 
.............. 

Determinations of whether or n from the terminal ponds exceed the CWQCC 

standards will be data collected by RFP, using an average of values 

collected over t 

referred to herein unning 30-day average”). If the running 30-day average 

exceeds any of the CWQCC standards for water being discharged, RFP will confer 

regarding ‘the advisability of continued discharge and may halt the discharge. If water 

being transferred from one terminal pond to another exceeds the running 30-day 

average for any of these CWQCC standards, RFP will immediately notify CDH of this 

exceedence and will confer regarding the advisability of continued transfer of this water 

and/or continued discharge of treated water. 

nt 30-day period for which data are available (this value is 

Sinale-Samde Exceede nces 

In those cases where individual samples of water collected from the terminal ponds 

contain levels of radionuclides that exceed the standards set by the CWQCC, but the 

30-day running average is not exceeded, RFP will immediately notify CDH of the single- 

sample exceedence but will not be obligated to cease discharge or othehise modify its 

pond water management. RFP will immediately re-analyze any pond water samples that 
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indicate an exceedence of the CWQCC standards and will report the results of this re- 

analysis to CDH upon receipt. RFP will also report to CDH accidents or incidents on 

plant site that may have the potential to cause exceedences of the CWQCC standards in the 

ponds or downstream discharges and consult with CDH regarding the advisability of 

continued discharge. 

. .  . 
O t l f l W  

Concurrent with the notifications made to CDH, p 

similar notifications to EPA and to local municipal 

and local municipalities of significant changes in i 

ope rat io nal con side r at io ns . 

ssion, RFP will make 

notify CDH, EPA, 

resulting from 

.... ... 
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Resumina Discharge 

Prior to resumption of discharge in those cases where discharge has been halted as a 

result of operational considerations (as opposed to potential water quality concerns), 

RFP and CDH will review water quality data for compliance with CWQCC standards, using 

the running 30-day average as a measure of exceedences. CDH will grant concurrence 

for RFP to resume discharge from its terminal ponds if the running 30-day average is 

resumption of discharge. 

If discharge from the terminal ponds has been ha1 

quality concerns, such as an exceedence of a 30-da 

standards, RFP will conduct a thorough internal inve 

exceedence and institute measures as ap 

prevent its recurrence. Prior to resump 

review the information sub 

RFP to resume discharge 

for one of the CWQCC 

n of the causes of the 

harge, RFP will present the results 

measures as appropriate. CDH will 

ay, at its discretion, give permission to 

?her' information and/or corrective actions on 

med by RFP at such time as the running 30-day 

average for all m 

the CWQCC stan 

CDH will analyze the results of pond water samples that it has collected with respect to 

the CWQCC standards. CDH will notify RFP of the receipt of individual sample results 

that exceed CWQCC standards. CDH and RFP will subject the samples in question to re- 

analysis, using portions of split samples previously archived. CDH will consult with 

RFP at this time regarding the advisability of continued discharge. 

In those cases where exceedences of the running 30-day average for one or more 

radiological parameters are noted, but levels of water in the ponds cause concerns 

relating to dam safety, the RFP procedures for pond discharge under dam safety 

conditions will be followed. Decisions regarding continuation or cessation of discharge 

under such circumstances will be made in consultation with CDH and the State Engineer. 
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4.1.7 Analytical Quality Control 

Analytical protocol requires routine checks of methods to assure data quality. The 

minimum detectable activity (MDA) for each analyte isotope depends on: detector 

background, analytical recovery, detector efficiency, and sample counting time as well 

as the volume of water sampled. Estimations of these parameters are calculated using 

historical data and are routinely updated for the entire set of laboratory detectors. The 

standard deviation of analytical blank measurements is the inant factor and is 

based on the matrix blanks included in each batch processe 

be interpreted as that of the process and not that 

all detectors are 'used for estimation. Quality con 

will continue on a routine basis. 

ported MDA should 

nt, as data from 

I methodology 

.... ... 
4.1 .8 Discharge Management 

Effective management of the RFP surface- system requires consideration of ...... 

several important functional 

seasonal variation in preci 

levels and runof 

representative sa 

The overall objecti 

quality water discharges, (2) to maintain the structural integrity of the detention dams, 

and (3) to provide storm-water or spill detention. An operational plan for pond water 

discharge management, which incorporates these factors, formalizes responsibilities, 

and triggers appropriate response actions to assure proper control of pond levels and 

discharges of pond water will be used. This Discharge Plan is presented below. 

pects, including current pond levels, 

pated meteorological conditions, soil moisture 

around time, acquisition of the most 

capacity, and approval times. 

d water discharge management are: (1) to ensure high- 

Pond Water Discharae Plan 

( 1 ) As the quantity of pond water in a pond increases, approaching 20% of the total 

pond capacity, EG&G will request that DOE schedule pre-discharge sampling with 

CDH. Time of sampling will be coordinated with CDH to assure proper split 

sampling. The decision to initiate sampling at approximately 20% of capacity 

will depend on a number of factors, including (1) the .anticipated rate of water 

inflow into each specific pond, (2) the anticipated analytical turnaround time, 
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and (3) the time required for review of the data and subsequent authorization of 

the discharge by DOE. The factors that will influence the pond influent rate are 

(1) STP discharge rate for Pond 8-5, (2) any ongoing pond-to-pond transfers, 

and (3) anticipated precipitation (and associated runoff) rates. EG&G personnel 

will evaluate these parameters to determine the date that pre-discharge samples 

will be collected. 

analyses of the pre-discharge samples to meet the 

typically requires four to six weeks (with 

standards of 0.05 pCi/L). Collected data w 

will be provided to DOE and CDH along with 

Authorization for offsite discharg 

CDH. DOE will also provide writt 

nd time requirement. 

e recommendations. 

ion to the City of Broomfield, giving 

tion will be provided 48 hours prior to 

discharge as the dis 

rsonnel will also maintain contact with the City 

e to ensure that the integrity of the BDD is 

( 3 )  EG&G will at. treatmentldischarge of pond water continue at a specified 

alterations to the treatment operations or the discharge rates will be reviewed by 

EG&G management and approved by DOE prior to implementation. 

( 4 ) Maintaining the discharge will require simultaneous evaluation of a number of 

variables. These factors include, but are not limited to, current pond level 

(routinely measured by EG&G), available treatmentAransfer operations and 

rates, anticipated total precipitation and rates, soil conditions and expected 

surface runoff rates, anticipated meteorological conditions, effects of the 

meteorological conditions on the treatment operations and discharge (water flow 

through the BDD), operational and variations requested by outside interests 

(CDH, local municipalities), unexpected analytical results that indicate a 

possible exceedence of discharge standards, variations in the natural ecology of 

the pond system and the associated changes in the physical (algal quantities) and 
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chemical (pH, ammonia, manganese) parameters. All of these factors will be 

reviewed and evaluated by EG&G personnel on almost a daily basis to determine 

the correct response actions required for the current conditions. All 

modifications to the treatment operation and/or discharge will require 

management concurrence and DOE approval. 

4 . 2  Workplan Element #2: Assessment of Water Quality 

The Workplan will require that DO€ assess the water qual 

promulgated C WQCC standards. 

Complete assessment of water quality with regard' 

issues, some of which have been partially addresse 

and some concerns that have not yet bee 

this task are (1) compilation of backgro 

ambient levels 

data required to determine s 

in radionuclide concentratio 

sped to the recently 

rds involves a number of 

blished and ongoing programs 

ics relevant to the scope of 
tion sufficient to establish the true 

d (2) sorting and statistical analysis of 

bserved variations 

This Workplan 

data, (2) evalu 

Descriptions of 

tical results, and (3) statistical assessment of data. 

to be pursued under these headings follow. 

4.2.1 Additional Data Collection 

Virtually no isotope-specific radiochemical data exist in literature references for sub- 

picocurie levels of waterborne radionuclides. CWQCC stream standards for RFP are 

unique in their requirement for routine monitoring of sub-picocurie plutonium and 

americium levels. Since stream standards of this nature have not been applied 

previously, there exists no database of water quality data for comparison. 

RFP currently conducts an extensive water analysis program which routinely samples at 

onsite and offsite locations for plutonium, americium, uranium, and tritium. RFP will 

design and implement additional monitoring programs to characterize the ambient 

concentrations of the radionuclides for which the CWQCC has promulgated stream 

standards. This effort will consist of both onsite and offsite studies and may require 
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statewide (or nationwide) sampling programs. Data for analytes specified by CWQCC and 

statewide standards will be collected on a routine or non-routine basis according to the 

following categories which include: 

Routine analytes including americium-241 , plutonium, gross alpha, gross 
beta, tritium, and uranium. (Ongoing.) 

Non-routine site-specific analytes including curium244 and 
neptunium-237. (Initiate third quarter 1991 .) . . . . ..,:$& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Non-routine statewide analytes including ces ium-226 and 
228, strontium-90, thorium-230 and 232 1992.) 

The need for and frequency.of continued monitori 

analytes will be revisited as data become available 

n-routine categories of 

continuation of monitoring 
...... 

will be evaluated in consultation with CD 

gathered to demonstrate presence in the 

analysis will be assigned low priority and 

parameters for which no evidence can be 

rs of RFP, such sampling and 

ting to demonstrate the presence or ..... 

absence of such contaminant 

4.2.2 Evaluation of Analytical Its 

RFP will sort av 

methodology chan 

into comparable categories, taking into account analytical 

ve an effect on detection limits and deviation, and assess the 

data for further needs pAor to application of statistical methods. Programs designed to 

acquire the necessary remaining data will be implemented as appropriate. 

RFP will initiate a study to determine the appropriate method for sampling of pond and 

discharge waters for radionuclides, including assessment of the following issues: 

Filtered versus nonfiltered samples, and the effects of centrifuging on 

radiological content. 

Variability associated with grab and composite sampling, and the degree of 

representation of total pond concentrations by various collection schedules 

and methods. 

Assessment of the similarity of results obtained through new radiochemical 

analytical methods compared to those already in use, and the impact of 
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I 
I initiating regular use of different methods (such as co-precipitation or 

gamma spectroscopy) on uncertainty and variability in laboratory results. 

This effort will include studies to determine the variation between separate 

laboratories so that alternative sources of analytical results may be 

developed as a contingency for those times when facilities whose data form the 

baseline for trending analysis are not available. 

Water quality variation with season of the year. ...... ,:.. .... ... ...... ....... ....... ....... ....... .............. .............. .............. 

4.2.3 Statistical Study of Data 

...... 
RFP initiated study of water quality data, using 

quarter 1991 with available 1990 data; results of 

quarter 1991. RFP will utilize these re 

in second quarter 1991. Possible deriv 

te statistical methods in first 

dy will be available by second 

llowup statistical studies also 

. . . .  
Trending within the sonality or direct relationship to 

incoming waters of RFP. 

the CWQCC standards to discharge waters such that 

otected without impairment of the ability of RFP to 

ctive manner. This may include later re-evaluation 

0-day running average as adequate data are compiled to 

indicate a more appropriate method for determining when an exceedence of 

the CWQCC standards has occurred and what the appropriate course of action 

should be at the time such an exceedence is discovered. 

Effectiveness of treatment methods as they are revised and implemented. 

4.3 Workplan Element #3: Analytical Methods 

The Workplan will establish validated analytical methods as identified by EPA and the 

State, including as appropriate, the methods delineated in 40 CFR 14 1.25, to determine 

concentrations of the parameters below. For parameters for which no validated standard 

analytical method exists, DOE will propose an analytical method for €PA and State 

appro Val. 
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Analytical methods should have sensitivity, accuracy, and precision sufficient to 

determine radionuclide concentrations at or below the promulgated stream standards; the 

standards adopted for radionuclides are listed in Table 4.1. 

Table 4.1 

CWQCC Stream Standards for Radiochemistry in 
Segment 4 of Big Dry Creek Basin (pCi/L) 

I Rad iu m-226 , -228 5 I 5 I 

4.3.1 Analytical Methods Proposed for Validation 

No analytical methods for radiochemical analysis of environmental-level (Le., sub- 

pCi/L) samples have been validated by EPA. Therefore, methods for analysis of all 

parameters listed will be utilized and are proposed for validation. The methods suggested 

are drawn from a number of sources identified in 40 CFR 141 .25 (when listed for the 

elements of concern above and capable of detection limits sufficient to determine 

compliance with the standards) and are proposed as follows as appropriate subjects for 

EPA validation: 

1 . Gross Alpha and Beta - Method 302, "Gross Alpha and Beta Radioactivity in 

Water," Standard Methods for the Examination of Water and Wastewater, 13 Ed., 

American Public Health Association, New York, New York, 1971. 

IAG Section XI1 Workplan: Rev. 0 59 



~I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

~u 
I 
I 

2. 

3. 

4. 

5. 

6. 

7. 

Radium226 - Method 305, "Radium 226 by Radon in Water," ibid. 

Strontium-89, 90 - Method 303, "Total Strontium and Strontium 90 in Water," 

ibid. 

Cesium- 734 - ASTM D-2459, "Gamma Spectrometry in Water," 7975 Annual 

Book of ASTM Standards, Water and Atmospheric Analysis, Part 31, American 

Society for Testing and Materials, Philadelphia, Pennsytvania 1975. 
...... 

Uranium - ASTM D-2907, "Microquantities of Ura ter by 

Fluorometry ," i bid. 
.... ... ... 

Tritium - "Developed and Modified Method ium," Procedures for 
...... 

ue& Solutions, H.L. Krieger and S. 
Gold, EPA-R4-73-014, U. S. E ti, Ohio, May 1973. 

ethod for Neptunium," ibid. 

thods, drawn from EPA 

sed for validation by EPA:. 

8 - "Determination of Radium-226 and Radium 228 in 1. 

2. 

3. 

4. 

5. 

Water, Soil, Air, and Biological Tissue," Radiochemical Analytical Procedures 

for Analysis of Environmental Samples, U.S. EPA Environmental Monitoring and 

Support Laboratory, Las Vegas, Nevada, March 1979. 

Thorium-230 and 232- "Isotopic Determination of Plutonium, Uranium, and 

Thorium in Water, Soil, Air, and Biological Tissue," ibid. 

Plutonium - Ibid. 

Americium - "Americium-241 and Curium-244 in Water, Radiochemical 

Method," Department of Energy Environmental Survey Manual, 4th Ed. U.S. 

DOE, Washington, D.C. 

Curium-244 - ibid. 
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4.3.2  Proposed Real-Time Monitoring Methodology 

While no real-time analytical methods are available to monitor radiochemistry at 

environmental (sub-pCi/L) levels in water, RFP will consider the use of indicator 

parameters to provide continuous control of water quality and water treatment 

processes. The election of this option is based on correlations (still in the draft stage) 

that link concentrations of radionuclides to suspended solids trends/levels in surface 

Laboratory indicate filtration through 0.45 micron media p 
reduction in the levels of plutonium and americium in the 

owned water treatment facilities utilize turbidity-" 

solids-measurement as an indicator of water quali 

Alamos National 

ditionally, publicly 

e data suggest monitoring can 

Particle countin .t her applications, commercial 

measure of radionuclide c it is only an indicator of water quality. Further 

of the technology f 

quarter 1992. 

ring radiochemical parameters will be completed by first 

4 .4  Workplan Element #4: Treatment Evaluations and Proposals 

The Workplan will require DOE to identify potential treatment technologies to be utilized 

in the event that water quality for the terminal ponds exceeds the State standards. If no 

existing technologies adequate to achieve the standards are identified, DOE will use 

reasonable efforts to develop and implement such technologies. If achieving water 

qualify that does not exceed the standards requires additional treatment or development 

of additional technologies, the parties agree to negotiate appropriate modifications to the 

Workplan, including schedules. 

CWQCC stream standards for RFP are unique in the requirement for routine attainment 

of sub-picocurie plutonium and americium levels. Virtually no information on 
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treatment of sub-picocurie levels of waterborne radionuclides exists in literature 

references. Since stream standards of this nature have not been applied previously, no 

database of water treatment methodologies exists for reference. 

The following Workplan sections include proposals in three areas: (1) characterizing 

the physicochemical nature and sources of the radiochemical contaminants, (2) 

improving and refining the current treatment approach, and (3) developing, testing, and 

implementing new treatment approaches, as required. ... . .. ..... ...... ...... . . . . . . . . . . . . . . .... ,.: :.:.:.::y .. .... . ..._ 

4.4.1 Characterizing Radionuclides 

Further information is expected from study of upst 

source studies will assess possible in-stream re-su 

and downstream fates of radionuclides ponds. Studies first 

initiated through Los Alamos National La I be conducted to characterize 

radionuclides in and sorption properties These 

properties will potentially inf 

rces of contamination. These 

n .and removal mechanisms 

ing the nature, occurrence, and sources of the 

nature and exte emical contaminants in the RFP surface-water system. 

Spec iation and Qua ntitafion of Radiochemical Spec ies 

This task will characterize the chemicaVphysical forms of and quantitate low-level 

radiochemical contaminants in pond water. The study will identify factors important to 

changes in the solubility, complexation, and adsorption of radiochemical contaminants. 

This information will be used (1) to implement a working model for the behavior and 

speciation of the radiochemical constituents, and (2) to assist in developing, refining, 

and implementing specific treatment approaches applicable to removal of low-level 

radiochemical contaminants from pond water. This task will start third quarter 1991 

and require three to five years to complete. 
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Rad ioc h e m ical Source Identification and Co ntrol 

This task will identify sources and transport mechanisms that result in radiological 

contaminants in RFP pond water. Existing pond water data will be used, along with 

topographic, soils, and vegetation data to assess the potential for and magnitude of 

erosional transport of radiochemical contaminants from watersheds to the ponds. 

Agricultural runoff/erosion models will be used to provide estimates of the frequency, 

timing, and magnitude of runoff and erosion events and the a " ted contaminant 

transport. Climatological data and water temperature prof e used to identify. 

any resuspensio 

blooms, seasonal turnover events, or high winds t 

task will start third quarter 1991 and require thr 

This effort will be accompanied by ident 

technology to eliminate exceedences of CW 

radiological cont 

upstream and in-pond sourc 

4.4.2 lmprovin 

RFP currently p 
pond water prior t e. Treatment includes particulate filtration and granular 

activated carbon. Analysis of available data indicates that the current operation is 

minimally effective at removing radiochemical contaminants, which are thought to be 

associated with colloids/particulates in the micron to sub-micron size range. Although 

current filtration/GAC treatment will be continued, as necessary, to remove GAC- 

adsorbable waterborne contaminants, further improvements to the 'current treatment 

approach to correct the deficiencies in radionuclide removal will be conducted following 

the Workplan tasks identified below. 

years to complete. 

ards. Based on the source of the 

nsport, control measures for both 

Consolidating operations into a weather-proofed facility 

Providing piped conveyances for Pond B-5 and Pond C-2 water to the Pond A-4 

Treatment Facility 

Evaluating improved bag filters and filter bodies 

Evaluating sand and drum filters 

I 
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These improvements are currently underway with completion expected by the end of 

third quarter 1991. Analytical methods to verify treatment effectiveness remain the 

key factor limiting treatment method development.. These same analytical limitations 

will persist for routine monitoring of radionuclide levels in full-scale operations. 

4.4.3 Developing Future Treatment 

Jdent . 
... .... ..... ...... ...... ....... ....... ....... ....... ....... ....... ....... ........ 

ifvina Treatme nt Oot ions 
...... 

The Sitewide Treatability Study Plan (TSP) (EG&G 1990f) echnologies that 

are potentially applicable to radionuclide remova 

testing where additional design information is nee 

radionuclide removal include sedimentation/precipit 

coagulation/flocculation, (2) augmented 
combined with co-precipitation. In additi includes membrane filtration as a 

means of phase 

will likely contain other opt 

equipment options have als 
granular media flotation (DAF) units. 

er and recommends those for 

nologies relevant to 

ied; these include parallel plate separators, 

Additional backg 

actions (IRAs) at 

operations in th 

re expected from the implementation of interim remedial 

y OUs, notably OU2 which is scheduled to commence initial 

Develooina New Treatment Methodoloav 

This program, i f  required, will consist of bench- and pilot-scale process evaluation as 

well as considering specific equipment investigations. 

Bench-Scale Test 

This task will involve jar tests of sedimentation and coagulation processing using 

coagulants/flocculants and clays for application to Pond A-4 water samples. Work will 

parallel that conducted for Pond 8-5 water. Recommendations on precipitants, 

additives, dosage, and treatment means are expected from this work. An initial three- 

month program will be started second quarter 1991. 
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Equipment Evaluation 

Depending upon the results of bench-scale work, vendor evaluation of processing 

equipment will be considered. Possible approaches will include sand filters, lamella 

separators, and dissolved air flotation (DAF) units. 

Pilot-Plant Testing 

A pilot plant 

performance 

program will 

is planned. 

testing program will be undertaken as necess 

be used to cover annual variations. 

onstrate process 

-month field-test 

tion of 24 months 
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from Rocky Flats Plant Te 

Rocky Flats Pla 

EG&G 1990f: Dr 

EG&G Rocky Flats, 

Releases and Emergency Discharges 

n Ponds A-4, 8-5, C-2, EG&G Rocky Flats, 

ocky Flats Sitewide Treatability Studies Plan, Version 1.2, 

ats Plant, Golden, Colorado, September 1990. 

Guidance Docu ments 

CWQCC 1 990: Colorado Water Quality Control Commission Classification and Numeric 

Standards: South Platte River Basin, Laramie River Basin, Republican River Basin, 

Smokey Hill River Basin , Version 3.8.0, February 5, 1990, "Stream Classifications 

and Water Quality Standards" for Region 3, Big Dry Creek Basin, p.12a-c of 27. 

CDH 1 989: State of Colorado Water Standards: Surface Water Regulations, Groundwater 

Regulations, lmpoundment Regulations (Proposed), The Basic Standards and 

Methodologies for Surface Water, Colorado Department of Health/Water Quality Control 

Commission, August 7, 1989. 
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EPA 1984: Authorization to Discharge Under the National Pollutant Discharge 

Elimination System, Permit CO-0001333, November 26, 1984, expired (but 

administratively extended past) June 30, 1989. 

DOE 1989: Agreement in Principle, Between the U.S. Department of Energy and the State 

of Colorado, Attachment A, Section 3, June 28, 1989. 

CSBH 1 985: Rules and Regulations Pertaining to Radiation Con@, .......... ....... Revision 

State Board of Health, December 30, 1985. 
..:.:.:.: ..... 

.................. .................... ........ 
....... ........ ........ .................. 

...................... ..................... :: :.:.:.. ................ .............. ................ . . . . . . . . . . . .  .... :.:.:.:.:.:., ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ...... ..... .... ... 

5, Colorado 
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Appendix I 

ROCKY FLATS GEOLOGIC CHARACTERIZATION 

Site characterization activities have been conducted at RFP over approximately the past 

30 years. Drilling programs were initiated in 1960 and have continued to the present. 

Prior to 1990, remedial investigations were conducted by Rockwell International. 

geophysical surveys; a soil-gas survey; a soil sampling * ground-water and 

nitoring program. 

Subsequent to initial remedial investigations, RFP 
complete and accurate geologic characterization of P. A comprehensive literature 

review was conducted, samples were re- 

further laboratory testing was completed, data were acquired and evaluated. 

Characterization for the Ro 

subject to change or modifi 

a project to develop a more 

basis of the information gathered during the 

boulders. Clasts are angular to subrounded; overall, the sediments are poorly sorted. 

The source of these deposits is primarily the Precambrian quartzite to the west as well 

as younger sedimentary bedrock and other surficial deposits. The Rocky Flats Alluvium 

ranges from 10 to more than 98 feet in thickness but is generally less than 50 feet 

thick. 

Bedrock Geoloav 

The Cretaceous Arapahoe Formation is a continental fluvial deposit 250 feet thick in the 

central portion of RFP. The dominant lithology is claystone; however, at least six 

sandstone units within the Arapahoe Formation have been correlated and preliminarily 

mapped. Individual channel trends for three of the six intervals are presented in the 

Draft Geologic Characterization Report (EG&G, 1990). Each channel trend should be 
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considered a potential contamination path. This is especially significant if a channel 

sandstone crops out at the surface or subcrops unconformably beneath the Rocky Flats 

Alluvium. 

Maps constructed as part of the Draft Geologic Characterization (EG&G, 1990) illustrate 

that the A-series ponds may have been constructed on a projected Arapahoe Formation 

sandstone (Kass #4) channel trend. Specifically, cross-section C - C' of the Draft 

contamination 

pathway is currently being further evaluated. 

Because of the fluvial nature of the depositional en 

sandstones may have lenticular geometri 

in a particular channel could be inhibited 

At this time, the extent of san 

understood. As new control 

trends of individual channel 

ent, individual channel 

rnal nature of the channel system. 

I channel geometries will be better defined. 

The "uppermost a 

Arapahoe Sandstone #l (Figure 2.2). Data from the 1990 Draft Geologic 

Characterization and hydrologic tests performed from 1986 to 1989 revealed that these 

two units are in hydraulic connection and together constitute an unconfined system. 

Measurements recorded during these tests indicate that the Rocky Flats Alluvium has an 

average hydraulic conductivity of approximately 6 X 1 0-5 centimeters per second 

(crnkec). The hydraulic conductivity of the uppermost Arapahoe sandstone has been 

determined to be 8 X 

conductivities (approximately 1 O-' to 1 0-8 cm/sec) for both weathered and 

unweathered claystones. In stream drainages surrounding RFP, similar 

alluvial/bedrock relationships exists; however, the "uppermost aquifer" in these cases 

refers to the colluvium and/or valley fill overlying Arapahoe sandstones 3, 4, or 5. 

rs to the Rocky Flats Alluvium and the subcropping 

cm/sec. Arapahoe claystones have much lower hydraulic 

In the subsurface, the Arapahoe sandstones numbers 3, 4, and 5 are confined (Figure 

2.4) These aquifers have hydraulic conductivities of approximately 1 0-6 cm./sec. 
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Appendix II 

STATISTICAL STUDY OF RADIONUCLIDE LEVELS 

This section presents a summary and statistical evaluation of radionuclide concentration 

data taken at discharge and other relevant locations during t riod January, 1988 to 

August, 1990. More specifically, plutonium, americium, a 

presented along with gross alpha and gross beta 

Greek, and influent water locations. Data from J 

have not been included in order to provide a cons 

report. The uncertainties associated with laborato 

is of comparison for this 

ts are also investigated, in 

response to concern regarding magnified 

water quality standards are set. 

t the lowlevels at which the CWQCC 

Basis of Studv 
...... 

Radionuclide d 

Indiana Street a 

August 1990. 

measured in sampl 

for the period 

RFP Building 124. 

for water samples collected from Walnut Creek at 

, and C-2 ponds from January 1984 through 

sists of plutonium, americium, and uranium concentrations 

ese locations. In addition, the same data have been collected, 

August 1990, for the raw water supply entering 

The initial plan was to make comparisons of the mean concentration levels of 

radionuclides measured in samples from all six locations. However, the raw water 

supply was not sampled over the same time period as the other five locations, which led 

to an initial comparison of the mean radionuclide concentration levels for data collected 

prior to January 1988 to data collected after January 1988. This analysis revealed 

that, at several of the locations, the mean radionuclide concentration levels were 

statistically, significantly lower for samples collected after January 1988. The lower 

mean concentration levels observed could be either a result of modified measurement 

methods or an actual decrease in the concentration levels. For this reason, only the data 

collected since December 1987 were used in the comparisons that follow. 
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ComDarisons Amona Locations 

Comparisons of mean concentration levels between the six different locations, were 

performed using an analysis of variance and Duncan's multiple range test. This 

procedure will determine if statistically significant differences exist among the 

locations sampled. The first comparison is made on the mean plutonium concentration 

levels and the results are shown in Table 11-1. 

Table 11-1 

differences of m 

common letter in th 

For example, Pond C-2' (group A) has a statistically significant higher mean plutonium 

concentration than the remaining 5 locations (group B). The mean plutonium 

concentrations at the five remaining locations are not statistically different from one 

another. As an aid in comparing mean plutonium concentrations, and those for the other 

radionuclides, the histograms (Figures 11-1 through 11-6) should consulted. These 

histograms help illustrate significant differences between the means. 

A second comparison for americium levels among the six different locations are shown in 

Table 11-2. The corresponding histograms for americium and the other radionuclides 

are given in Figures 11-1 to 11-3. 
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Table 11-2 

Average Americium Concentration 

Since all of the means share a common grouping' 

differences exist for the mean americium concentrati 

no statistically significant 

mong the six locations. 

The mean uranium concentration in Walnut Creek is significantly lower than the mean 

uranium concentration in Pond A-4, and statistically higher than the remaining 

locations. 

Although there is not as much historical data available for both gross alpha total and 

gross beta total concentrations, a comparison can still be made for data collected from 
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April 1990 through September 1990. The mean gross alpha results are shown in the 

Table 11-4. Corresponding histograms are shown in Figures 11-4 and 11-5. 

Table 11-4 

Average Gross Alpha Concentration 

MEAN Gross A 

The mean gross beta total concentrations 

. . . . . . . . . . . 

s Beta Concentration 

Generally, the testing for gross alpha and gross beta levels would be performed as a 

screening tool. When elevated results are obtained, follow-up tests for specific 

radionuclides could be performed to determine whether the gross alpha or gross beta 

results are true indicators of elevated isotope-specific radionuclide content. When the 

radionuclides are tested regularly, the value of additional gross alpha and gross beta 

testing is questionable. 
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CWQCC has promulgated stream standards shown in Table 4.1 for monitoring points at 

Walnut Creek at Indiana Street and Ponds A-4, B-5, and C-2. CWQCC stream standards 

were determined for RFP by statistical evaluation of ambient water data, and established 

to limit degradation in water quality. These standards were derived from ambient water 

quality data collected from the Walnut Creek and Woman Creek locations during the 

calculated as the mean of the data plus two standard deviati 
standards were 

95% confidence 

If of the 5% (Le., 
1 only for the upper tail of a two-tailed distribution of the time per analyte. 

nd instead using 

simple counting statistics, the standards 

radionuclide tend to exceed 

applying such standards si 

!onium, americium, and uranium are 

example, if a 93rd percentile standard were used 

for all five radio 

of the time, i.e., 

When several such 

below their standards only about 70 percent of the time.' 

re analyzed, the chances of exceedence approaches 

common event, and treated with guarded concern when uncovered. 

The calculation of the probability that at least one of the five radionuclides exceeds its 
standard is based on the assumption that the measurements are independent, with a probability 
of success (Le., a measurement that is below a set standard) equal to 0.93. The probability of 
multiple independent events being successes is calculated by multiplying the individual 
probabilities of success. 

For the example shown (five independent events, each with a probability of success equal to 
0.93), the probability of all five measurements being successes is: 

The probability that at least one of the measurements is a failure (exceeds its standard) is 
then: 

0.935 = 0.696 or 69.6% 

1 - (0.93)5 = 0.304 or 30.4% 
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Uncertainties Associated with Radionuclide Levels 

For each sample tested, uncertainties associated with the concentration measurement are 

reported by the laboratory. In fact, the uncertainties are calculated as a function of the 

measurement itself. In the following analysis, the plutonium measurements and their 

associated uncertainties are investigated. To examine the relationship between the 

uncertainties and the measurements, uncertainties were converted to a percentage of the 

of variance gave the results shown in Table 11-6. 

Analytical Uncertaint 

The interpretation of this tab1 

shows that the m 

lower in the C-s 

presently unexplai 

e as that in the previous tables. This table 

same laboratory methodology is used for all samples. 

A possible explanation is that, in general, the uncertainty as a proportion of the 

concentration measurement will increase significantly as the concentration 

measurement nears zero. This is illustrated by the graph in Figure 11-6 for Pond C-1. 

As the higher concentration levels were in the Ponds C-1 and C-2 location, with 

generally lower values in Ponds A-4 and B-5, differences in uncertainties could result. 

ComDarison of RFP and Non-RFP Water to CWQCC Sta ndardz 

Available data on plutonium, americium, and uranium levels in water for 1988 through 

1990 were compiled and compared to CWQCC stream standards and other local water 

sources. The goal of the comparisons was to assess the quality of RFP water and other 

local water sources in relation to the CWQCC stream standards. Although results are 

preliminary and the analysis rather simplistic, significant percentages of 
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single-sample exceedences are found for plutonium and americium data from both onsite 

and offsite water. This result is most likely an artifact of analyses conducted near the 

MDA (as evidenced by negative concentrations) and natural variability expected from the 

definition of the CWQCC standards around the 95% confidence interval. Comparisons are 

shown in Tables 11-7 through 11-9. 

The purpose of comparing exceedences is to establish their ubiquity relative to the 

CWQCC stream standards (for Segment 4 of Big 

to other watercourses. With reference to Tables 11-7 thro 

statistically incorrect to compare simply the relati 

indicator of water quality. Instead, comparisons o 
populations (as described in Section 3.3.2 of this 

evaluating water quality from different sources. 

ese were applied 

edences as an 
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Table 11-7 
Comparison of Plutonium Concentrations for 
RFP and Surrounding Areas' (1988-Present) 

Location 
Number of Mean No. Samples 
Samples Pu-239,240 (pCi/L) 10.05 pCi/L 

Pond A-4 (Untreated) 

Pond B-5 (Untreated) 

Pond C-1 (Untreated) 

Pond A-4 (Treated) 59 0.001 0 

13 0.009 1 

23 0.013 1 

113 0.012 8 

Values taken from RFP monthly reports. Treated values for Ponds A-4 and 8-5 
include all discharges since August 1989. 
** Includes the South Boulder Diversion Canal, Ralston Reservoir, Dillon Reservoir, 
and Boulder Reservoir. 
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Table 11-8 
Comparison of Americium Concentrations for 
RFP and Surrounding Areas* (1 988-Present) 

Values taken from RFP monthly reports. Treated values for Ponds A-4 and 
6-5 include all discharges since August 1989. 
** Includes the South Boulder Diversion Canal, Ralston Reservoir, Dillon 
Reservoir, and Boulder Reservoir. 

* 
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Number of Mean 

Pond A-4 (Untreated) 13 5.59 

Pond 8-5 (Untreated) 25 3.42 

Pond C-1 (Untreated) 118 1.13 

Location Samples U-234,238 (pCi/L) 

Table 11-9 
Comparison of Uranium Concentrations for 

RFP and Surrounding Areas' (1 988-Present) 

No. Samples No. Samples 
21 0 pCi/L 15 pCi/L 

1 7 

0 4 

0 1 

Values taken from RFP monthly reports. Treated values for Ponds A-4 and 8-5 include all 
discharges since August 1989. 
** Includes the South Boulder Diversion Canal, Ralston Reservoir, Dillon Reservoir, and 
Boulder Reservoir. 
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Conclusions to Stat istical Studv o f Radionuclides in Water 

Radionuclide levels in water discharged from RFP routinely meets CWQCC stream 

standards based upon the 30-day running average. These radionuclide levels are 

approximately 0.1 to 1.28 percent of the applicable health-based Derived Concentration 

Guides (DCGs) specified by DOE Order 5400.5, “Radiation Protection of the Public and 

the Environment.” DCGs are based on recommendations of national and international 

advisory groups, and on radiological protection standards set by ather federal agencies. 
. . . . . . . 

Analysis to date on existing data indicates extremely low c s of radionuclides 
... .... 

in water both influent to and effluent from RFP. 

of radionuclides at the various sampling locations 

differ from the plant’s raw water supply. With the 

concentrations found in Pond C-2, ther 

mean plutonium or americium concentrati :.the locations. However, 

statistically significant differences in m 

e differences in mean levels 

n, most times they do not 

of the plutonium 

significant differences in 

Ipha, and gross beta 

concentrations do exist amo 

The CWQCC st ximate the 97.5 percentile (the intended results of 

using the mean use the data are not normally distributed. 

Distribution-free plutonium, americium, and uranium standards 

approximate the 9 tile range. Repeatedly applying multiple standards that 

approximate 93 ult in exceeding standards on a regular basis. 

Reaction to and concern regarding such exceedences should take this expectation into 

consideration. 

Routine exceedences of CWQCC stream standards (for Segment 4 of Big Dry Creek Basin) 

occur when these standards are applied to waters not affected by RFP. When comparing 

RFP water to other sources, comparisons of means or medians of the analyte populations 

is appropriate when evaluating water quality from different sources. 

The observed levels in uncertainties for plutonium concentrations are most likely a 

result of the difference in the plutonium level measured. As the level of plutonium 

measured becomes lower, its associated uncertainty as a proportion of the measurement 

becomes higher. 

IAG Section XI1 Workplan: Rev. 0 A - 2 4  


