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C-018H LIQUID EFFLUENT RETENTION FACILITY FILTRATION TEST PLAN 

1.0 INTRODUCTION 

Past operation of chemical processing facilities at the Hanford Site 
allowed large quantities of water that contained low levels of radionuclides 
to be discharged to shallow sediments below the ground surface. The favorable 
adsorption and filtration characteristics of these sandy sediments permitted 
most of the radionuclides to be retained in a sediment column above the water 

table. In 1988, the U.S. Department of Energy {DOE) implemented a policy that 
now requires wastewater treatment to minimize of radioactive and hazardous 
waste discharge {DOE 1988). Several projects have been initiated to provide 
facilities for treatment of major wastewater streams to remove radioactive and 
hazardous components from the wastewater. 

The Effluent Treatment facility {ETF) will provide for the treatment and 
disposal of the 242-A Evaporator process condensate {PC). The functional 
design criteria for this project are presented in WHC-SD-COlS-FDC-001 
{Flyckt 1990). The feed to the ETF will come from the 242-A Evaporator PC. 
The 242-A Evaporator will start before operation of the ETF, with the PC being 
stored in the liquid Effluent Retention Facility {LERF) until the ETF becomes 
operational. As the ETF becomes operational, the 242-A Evaporator PC will 
cease being stored in the LERF and will then be processed directly in the ETF 
along with the Pt stored.backlog from the LERF. 

-The PC is a 1o�-level -�aste as defined in DOE Order sa2:o,.·2A (DOE 1988). 
In addition to radionuclides, inorganic components {e.g., ammonia, potassium, 
silica, carbonate, chloride, and nitrate) have been observed in the PC. Small 
amounts of organic compounds (e.g., butyl alcohol, acetone, dodecane, 
tetradecane, tridecane and tributyl phosphate} are also expected to be found 
in the PC. 

The overall proposed treatment and disposal system is depicted in 
Figure 1-1. After treatment in the ETF process, the effluent will be sent to 
holding tanks for sampling and analytical verification. If the effluent meets 
permit conditions, then it will be discharged to a State-approved land 
disposal_ system. 

Suspended solids will be removed by filtration. The preferred organic 
destruction step is a light-mediated ultraviolet oxidation process. The 
system will use hydrogen peroxide as the oxidant to promote the destruction of 
the organic impurities. Activated carbon may be considered if verification 
tests show additional organic treatment is required. Dissolved ammonia in the 
waste will be converted to ammonium sulfate by adding sulfuric acid to achieve 
a pH of 4 to 6. Most of the dissolved solids will then be removed using a 
reverse osmosis (RO} unit. The rejected stream from the RO unit will be 
further concentrated, preferably by using a mechanical vapor recompression 

1-1 
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evaporator. The dissolved solids polishing step will consist of an ion 
exchange/adsorption system that will be designed to ensure that the treatment 
goals are met for removal of radionuclides and dissolved solids. 

It is anticipated that a considerable quantity of bacteria will begin to 
grow at the LERF (greater than 106 bacteria per ml). This bacteria can cause 
fouling of the filters and RO systems, which would reduce the flow and 
effectiveness of the treatment plant by as much as 85 percent. Inorganic 
materials, such as silica, will also cause fouling of the filters and can 
reduce the flow properties and functionality of the other unit operations in 
the proposed flow sheet. 

In a similar type of treatment process at Savannah River Site (SRS), 
ceramic ultrafilters were used to pretreat feed water with granulated 
activated carbon and RO systems. The ceramic filter flowrates were unable to 
maintain >15 to 80 percent of the designed flowrate because of biological and 
inorganic colloidal fouling (Appendix A). More than 10 separate filtration 
technologies for removing bacteria and inorganic foulants where tested by SRS 
personnel and contracted vendors. Three filter systems were selected as 
technologies that could most likely remove the biological and inorganic 
contaminants and maintain the required flowrates with minimum secondary waste; 
these included polymeric tubular ultrafiltration, polymeric backwash 
filtration, and centrifugal ultrafiltration. The polymeric backwash 
filtration system was chosen by Japan Gas Company for use in the ETF and will 
be tested as part of the C-018H pilot plant waste water treatability testing 
effort. 

If the bacterial and inorganic colloidal suspensions are not removed 
during filtration, the RO membranes will foul quickly and significantly reduce 
the membrane flux. Effects of bacteria on the UV oxidation systems are 
unknown at this time. 

1-3 



WHC-SD-COISH-TP-010 Rev. 0 

2.0 OBJECTIVE 

The C-018 Liquid Effluent Retention Facility Filtration Test Plan will 
document testing of the polymeric backwash filtration system at the LERF. 
These tests will determine if the ETF filter design is adequate. If the tests 
show that the design is adequate, the task will be complete. If the tests 
show that the technology is inadequate, it may be necessary to perform further· 
tests to qualify other candidate filtration technologies (e.g., polymeric 
tubular ultrafiltration, centrifugal ultrafiltration). 

The criteria to determine the success or failure of the backwash filter 
will be based on the .system's ability to remove the bacteria and inorganic 
contaminants from the evaporator PC. The tests are designed to qualify the 
design basis of the filtration technology that will be used in the ETF. 

2-1 
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3.0 SCOPE 

Table 3-1 contains a list of the anticipated ingredients of the LERF PC 
(Flyckt 1990). The PC has been defined as a low-level -waste (DOE 1988). 
According to characterization data in Table 3-1, tritium is, by far, the most 
abundant radionuclide in the PC. Besides the radionuclides, inorganic 
components such as arrmonia, potassium, silica, carbonate, chloride, and 
nitrate have been observed in the PC. Small amounts of organic compounds such 
as butyl alcohol, acetone, dodecane, tetradecane, tridecane �nd tributyl 
phosphate are also present. 

A corrmercially available filter was purchased from a vendor and modified 
by Westinghouse Hanford Company (WHC) to facilitate the data collection and 
secondary containment requirements. The purchased filter will be configured 
as part of a skid-moun�ed turn-key system. The backwash filter system is 
being used in existing industrial applications. 

Table 3-1. 242-A Evaporator Effluent Characterization Data. 
(3 sheets) 

Parameter Units• Averageb 90% CI Maximum 

Conduct f vf ty . uS 304 590 

pH SU 10.0 11 .3 

Total dissolved solids r,r,b 2 700 

Aluninun r,nb 1 295 1330 4 992 

. .  

AnffloniUII Deb 482 511 511 344 9 350 000 

BarfUII Deb 6.8 7.2 8 

Boron r,nb 65 97 151 

Cecini"un Deb 5 

CelcfUII Deb 2 600 2 800 8 300 

Carbonate r,r,b 98 000 104 347 7S0 000 

Chloride rd, 1 000 1 200 2 300 

ChromfUII DCb 52 66 156 

C000er DCb 60 67 127 

Fluoride DCb 874 971 12.273 

Iron r,r,b 112 131 503 

"•gnesfUII r,nb 122 153 3.670 

"engenese rd, 5 

Mercury DCb 0.3 0.31 0.69 

Phoschorus r,r,b 1 177 1 336 6 195 

Nickel DCb 14 15 17 

Nitrate r,nb Z 800 Z 292 5 000 

Pot11u!U11 DCb 5 944 6 495 19 238 

3-1 
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Table 3-1. 242-A Evaporator Effluent Characterization Data. 
. {3 sheets) 

Parameter Units' Average
b 90% CI Maximum 

Pvrfdfne DCb 550 

Tetredecene DCb 16 83 440 

Tetrehwrofuran DCb 37 39 170 

Trfbutyl chosphete DCb 3.900 4 100 21 000 

1 1,1-Trfchloroethene DCb 5 

Trfdecene DCb 70 n 350 

Trfglyme td, 90 

Aichi DCI/L 160 350 750 

Beta DCf/L 4.600 6 000 74 000 

Stronth.111-90" pCi/L 5,200 7 600 81 000 

RuthenlU11· 106 pCI/L 10 500 11 080 17 800 

Ces f Ult· 137" pCI/L 4,400 5 400 26 000 

PromethiU11·147 DCl/l 1,300 1 600 4 100 

Ur1n!U11 (gross) pCf/L 20 33 140 

TrftfUII DCI/L 5 600 000 6 300 000 24 000 000 

PlutoniU11·239 pCi/L 0.00037 0.00068 0.0024 

Tin·113 DCi/L 540 770 2 500 

Europl\111·155 DCI/L 1 400 na 1 400 

"Units: µS • �icrosi-
SU= 1t1nd1rd pll 111its 

ppb ., perts per bi 11 ion 
pCI/L • pfcocurfes per liter 

�ecause there was only 1 detection in 34 sa"°"les, en average was r�rted. 
<Further data investigation fO\.nd no detection In s�les. S1111\'.)les reporting above detection were 

blank s�les. 
•cesiun-137 end strontlun·90 values have been 111.Jltfplfed by 10 to anticipate removal of the existing 

242·A Evaporator Ion exchange system. 

Legend: 

X • percent 
Cl• confidence Interval 
NA c not applicable 

NOTE: Radionuclide data fa presented for fnfonn■tfon only. 
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4.0 DESCRIPTION OF TEST 

4.1 TEST ITEMS 

The backwash filter system was selected based on the work done by SRS 
(Appendix A). The liquid retained in the LERF will be pumped into a pH 
adjustment system, and then through the filter. Filtrate and concentrate from 
the filter system will be returned to the LERF. 

4.2 TEST ENYIRON"ENT 

All of the filtration tests will be performed at the LERF using the 
sample riser in the northeast corner of the 200 East Area for feed to the test 
system. The test system will be located on the east side of the 242-AL-43 
Basin. 

4.3 EQUIPMENT AND FACILITIES 

4.3.1 LERF Setup 

The filter test skid will be located at the LERF, as shown in 
Figure 4-1. Power will tie-in at the existing power panel at LERF 
basin 242-AL-43. A submersible well pump will be used to pump the solution 
from a 6-in. sample port to the test system. The submersible pump will have 
stainless steel (SST) wetted parts and a 1/2-hp 230-VAC drive motor. In order 
to prevent pump cavitation and over pressurization, a pressure bypass valve 
and piping will be installed to return unused flow of filter influent to the 
LERF. All feed and return lines to the ports will be cross-linked 
polyethylene chemically resistant hose that is rated for 150 psi. The sample 
port will provide the secondary containment for the pump. 

The submersible pump will have an insertion/retrieval cable attached. 
This will ensure that the submersible pump can be inserted into and retrieved 
from the sample riser for each test. The power cables and liquid transfer 
pipes will be located out of traffic areas to prevent damage to the pipes. 

The filter influent will be taken from one sample port, and the effluent 
and concentrate will be discharged at a separate port. This will ensure that 
the feed is a reasonable representation of the LERF water and not recycled 
filtrate. Each unit in the filtration test system will be located over a 
secondary containment pan. The pan will be connected to the middle sample 
riser through the use of cross-linked polyethylene chemically resistant hose 
that is rated for 150 psi. All piping and equipment will be selected to avoid 
corrosion of the system. 

Each tank in the backwash filtration unit will be vented to an 
inflatable tank. The 250-gal inflatable tank is constructed with a single 
2-in. normal pipe thread (NPT) fitting for both fill and discharge. The tank 
will be vented to the effluent drain line. 

4-1 
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4.3.2 pH Adjustment Unit 

The pH adjustment unit will be fed with liquid from the LERF. The 
primary components in the pH adjustment unit are the adjustment vessel, acid 
supply vessel, acid metering pump, mixers, pH probes, control instrumentation, 
and the filter supply pump .. The flow diagram for the pH adjustment unit is 
given in Figure 4-2. 

The flow to the pH adjustment tank will be controlled by monitoring the 
level in the tank using a continuous level indicator. An overflow will be 
located on the feed side of the tank. 

The adjustment vessel is made of 3/16-in. 304-l SST and will be 
enclosed. A baffle is located in the center of the adjustment vessel so that 
pH adjustment occurs in two chambers. The first chamber contains a mixer, a 

pH probe and transmitter, liquid level transmitter, ·and acid addition pump. 
The pH probe in the first chamber sends a signal to a controller to regulate 
the acid addition pump. The second chamber contains a mixer, pH probe and 
transmitter, and a discharge pump. The pH probe in the second chamber sends a 
signal to the recorder so that the final pH can be recorded. 

The acid metering pump is a Teflon1 facet diaphragm pump. It is 
capable of pumping a maximum of 10 gal/hr at 6.31 ml/stroke and 50 psi. 

The acid supply vessel is made out of high-density polyethylene and will 
hold a maximum of 150 gal of 50 percent sulfuric acid. A high-density 
polyethylene lid will be located on top of the vessel. 

The construction materials for the pH probes are glass-filled 
polyvinylidene fluoride, glass, ceramic, and Viton 1

• The probes will require 
minimum maintenance because they will be disposible. 

The filter supply pump is a SST I-hp feed pump that is capable of 
pumping 15 gal/min at a 30-ft discharge head. 

The entire pH adjustment system will be located in an enclosure to 
ensure secondary containment. The secondary containment will meet Washington 
Administrative Code (WAC) 173-303-640 requirements and will be plumbed to 
drain back to the LERF 242-Al-43 basin (WAC 173-303 1990). The enclosure will 
be vented to ensure that there is no buildup of sulfuric acid fumes from the 
acid supply vessel. The unit dimensions will be 8 ft, 5 in. long; 7 ft, 8 in. 
wide; and 8 ft, 5 in. high. The voltage requirements will be 460 VAC, 18 amp. 

4.3.3 Polymeric Backwash filter 

The polymeric backwash filter can be backwashed.at predetermined 
intervals that are based on differential pressure across the filter membrane. 
The flow diagram of the filter skid is given in Figure 4-3. The backwash 

1Teflon and Viton are trademarks of E.I. du Pont de Nemours & Company. 

4-3 



� 
I 

u, 

L&Q&nd 

IIV-21 
Vent Line 

LF-C-• • Co,,tro11.­

LF-c1-• • Ce111lod( 

LF-fl-• . Flow lrdlc•tcr 

Inf lateble 

TarOc: 
t-+--------------------------------�-----<�PR 1-----� 

IIV-1 

LF-le-.tl • Liou Id L..,.•I lllfllt 

Switch 

LF-oo-• • Pr'eu11• Gauge 

LF-01-• • A-... 11♦ lncllc&tor 

LF-pUl'IP-e • Pull, 

LF-tf -• • T� ■tir• Indicator 

LF-On••• • Tll"bldl"-ter 

LF- llir-• • Prr-oc-• TaNC: 

fJt/ • 811,ctnie■n V.1v■ 
pq .., Pr'"••�•r• 0.1 '•' v,.,.,. 

SP * S\,et._,. Po..,. 

::;,I - 5.,..,, • .., •• .,. 

Enclosed 

EQUII I I z:e.t I on 

Tar1C 

pH MIU9t.O 

LEAF Ll<Juld 

Air 91 .. d 

Bypas, 

...,. • &ne,-Qlncy 9ypass 

Drain ,.,.Ota 

pH AOJustfflltnt 

V,lt 

LF-ot-2 Lf-f 1- I 

SV- 1 

Backwc.sn LI ne 

(100 OSI I 

2 5cfm) 

I 
I 

-l>½-[]J 
'31/-lf} 

Q.-3in to LERF 

f'N- ,, 

ev- 1◄ 

Lf- 1,- J 

'Jll.11 

SP 

l>etn to 

LEAF 

v=-c•-2 

Secondary 

Cont a I rnent 

(rain 

I LF•l•-�O 

�'-----,-------------

� .. � 

...... 

CD 

� 

� 
:::i::: 

� n 

llJ 
V, 
C, 

llJ 
I 

0-
n 

__. 0 

CD 

,, 
__. -4 

M' '"'O 

-s I 

0 � 
M' 

..... 
...... 0 .,a=., 

0 
:::0 

(.._},,,1 
::, 

CD j-.......:;i 

C < ,o 

::, -CC?! 

M' 0 
(\ 

c:::, 

t:::.1' . __. 

0 
� 
0 



9413298.0169 
WHC-SO-COlSH-TP-010 Rev. 0 

• Particle Size Analysis - The particle size of the influent and 
filtrate solids will be measured daily during the test period. 
Both number and volume distributions will be conducted with the 
limitation of measuring particle sizes �0.5 µm. 

• Turbidity of Filtrate - The turbidity of the influent and filtrate 
of each filter will be measured continuously during the test 
period. The turbidity will be specified in nephelometric 
turbidity units (NTU) on a scale from 0.1 to 200 ± 0.5 percent of 
full scale with 0.1 NTU resolution. 

• Filter Delta Pressure Across the Membrane - The pressure across 
the membrane will be measured continuously during the test period. 
The gauges and transducers will have an accuracy of ±1 percent of 
full scale (the full scale varies with specific application), with 
a minimum resolution of 1 percent of full scale. 

• Flow Rates - Flow rates of the filtrate will be monitored 
continuously during the test period. The flow rate of the 
concentrate for the tubular and centrifugal filter will be 
monitored continuously during the test period. The accuracy of 
these meters will be ±1 percent of full scale (the full scale will 
vary with application), with a minimum resolution of 0.1 gal/min. 

4.5 CRITERIA/CONSTRAINTS 

The critical operating parameters for filtration are pressure and 
temperature. The filtration equipment will be operated at a maximum 150 psig 
and will be fully pressure tested before processing waste water. The 
temperature can affect the performance of the polymeric filter assemblies or 
membranes. The one polymer identified is polypropylene, which has a maximum 
operating temperature of approximately 176 °F. 

The following safety features are built into the filtration system. 
Pressure switches are installed to avoid equipment failure and damage at low 
and high pressure. Pressure relief valves are used as a backup safety feature 
for the high pressure switch. A thermocouple monitors the system temperature 
so that the operational temperature of the filter material is not exceeded. 
High- and low-level switches on all staging tanks alarm to prevent tank 
overfilling and as a backup to the low pressure switch to prevent running a 
pump dry. 

Each LERF filtration module is provided with a weather-tight enclosure 
to prevent the accumulation of rainwater in the catch pan and its consequent 
drainage to the LERF. These enclosures also serve as spray guards for 
containment of any leak of the module equipment. 

The testing system will meet State requirements for secondary 
containment and corrosion compatibility (WAC 173-303 1990). A licensed 
professional engineer will certify that the system meets WAC requirements 
before �tartup. Permitting and licensing of the filtration operation will be 
obtained in accordance with State and Federal regulations. 

4-7 



0 

WHC-SD-COlSH-TP-010 Rev. 0 

5.0 EXPECTED RESULTS 

A minimum of 97% influent recovery is expected from the system. The 
filtrate is expected to have a turbidity of >l NTU. The total solids in the 
filtrate are expected to be >100 ppm. Test results will be used to determine 
how biological and inorganic particulate fouling affects filter operations. 
It is anticipated that the major fouling constituents will be silicates and 
bacteria. The backwash filter has shown an ability to separate expected 
particulates without permanently blinding the filter membrane. 
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6.0 TEST PROCEDURE 

The filter test system will be set up to be essentially maintenance 
free. It will be operated during two separate periods, preferably during 
seasonal change periods. During the first period, operation will be for 
5 days to develop a good baseline. After the initial 5-day operating period, 
the filter will be shut down for approximately 6 months. Operation will then 
restart for 5 days to determine the effects of biological fouling. A detailed 
operating procedure will be prepared and issued for each respective testing 
skid. 

Testing of the LERF filtration unit will be controlled by a run plan 
(RP). The RP will be written by Chemical Engineering Laboratory (CH) 
personnel and approved by the CEL manager with the concurrence of the Effluent 
Process Engineering manager, LERF cognizant engineer, and Quality Assurance 
(QA), Safety, Environmental, and Health Physics personnel, before the start of 
testing. Any deviations to the RP shall be noted in the RP by redlining and 
shall have concurrence of the above-listed organizations. A punchlist will 

also be completed before startup to verify that all the research, development, 
and demonstration permit requirements have been satisfied. 

The RP will provide detailed instructions for each test, including 
operating procedures, fluid routing, sampling procedures, sampling intervals, 
and data sheets. The RP will provide the necessary flexibility during actual 
operation of the filtration tests; however, the RP will also ensure a 
structured·-framework from which all work will be organized. 

6.1 pH ADJUST"ENT UNIT 

Before starting the pH adjustment unit, a submersible pump will be 
inserted into the northern-most sample riser on the east side of LERF basin 
242-AL-43. A flexible line from_�he submersible pump will feed into the pH 
adjustment unit. The feed will enter a tank that will have two separate 
compartments separated by a baffle in the middle. A mixer and pH probe will 
be located in each tank compartment. The pH of the feed liquid from the LERF 
basin will be monitored before entering the adjustment unit. In the first 
tank compartment, the pH will be monitored and the signal will be sent to the 
acid metering pump which will control the flowrate of the acid addition. The 
liquid level will be monitored using a continuous liquid level detector that 
will send a signal to the chart recorder. 

The second compartment will be the final monitoring point for 
verification of the final adjusted pH. Effluent from the adjustment tank is 
then pumped at 5 gal/min total to the backwash filter unit. The pH adjustment 
tank will be piped so that the effluent can be sent to the drain line going 
back to the LERF. Daily inspection of the pH adjustment operation will be 
made during the operation cycle to ensure.that no leaks or equipment failures 
have occurred. 
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7.0 SAMPLE AND ANALYSIS PLAN 

7.1 DATA QUALITY OBJECTIVES 

This sample and analysis plan (SAP) will describe how sampling and 
analyses of the filtered solutions will be performed during testing to 
accomplish the desired data quality objective. The data quality objective is 
to collect credible characterization data that are sufficient to evaluate the 
efficiency of each filtration technology being tested. 

7.2 APPROACH 

This SAP has been structured to obtain high-quality sampling data that 
will identify the types and quantities of colloidal contaminants found in the 
LERF basin that will affect the filtration system. The data will come from 
the LERF filtration testing grab samples. The procedures shall comply with 
the guidance provided in the Quality Assurance Project Plan (QAPP) (DOE-RL 
1993). Quality-controlled and verifiable methods will be used for the 
following activities: 

• Collecting the wastewater samples 
• Establishing chain-of-custody 
• Transporting the samples to the analytical laboratory 
• Analyzing the samples 
• Storing the sample records. 

7.3 QUALITY ASSURANCE OBJECTIVES 

The QA objectives presented in this section address·the test procedures 
that will be implemented to achieve analytical results of known and acceptable 
quality 

7.3.l Precision 

Precision is a qualitative measure of the reproducibility of 
measurements under a given set of conditions. Analytical precision can be 
expressed either as the relative percent difference for duplicate measurements 
or the relative standard deviation for three or more replicate samples. For 
inorganic and miscellaneous parameters, the comparison will be between the 
duplicate sample analyses. The quality objective for the relative percent 
difference between the compared concentration is± 30 percent unless stated 
differently in the laboratory statement-of-work. The precision measurements 
will be performed at a minimum of 1 in 15 samples or 1 per batch, whichever is 
more frequent. 

7.3.2 Accuracy 

Accuracy is a measure of the closeness of the measured value to the true 
valve. The accuracy of chemical test results is estimated by ''spiking" matrix 

7-1 
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The labels will require the following information to be recorded by a 
member from the sampling team: 

• Identification of the person in charge of collecting the sample 
• Unique sample identification number 
• Date and time the sample was collected 
• Place the sample was collected 
• Analysis to be performed on the sample 
• Type of preservative used. 

In addition, each sample bottle shall be identified with a bar code sticker 
attached to the bottle by the bottle manufacturer. The bar code shall 
identify the bottle lot number and individual bottle number. 

7.6 SAMPLE EQUIPMENT AND PROCEDURES 

All sampling will be performed in a manner that provides representative 
measurements of the volume and concentration of colloidal contaminants in the 
solutions. All sampling activities will be conducted in accordance with the 
guidance provided in the Quality Assurance Project Plan (QAPP) (DOE-RL 1993). 

The specific sample locations are shown in Figure 4-2 (i.e., pH 
adjustment) and Figure 4-3 (i.e., backwashable filtration). Samples shall be 
taken after purging the sample ports, by allowing a minimum of three sample 
line volume exchanges. In all cases, the distance from the sample valve to 
-the process equipment piping is-kept to a minimum. This minimizes the volume 
.required for sample line flushing and provides a better representative sample. 
Th�_prelaPeled sample bottles will be filled directly from the sample port for 
analysis, according to the requirements in the Sample Analysis Form, provided 
by Hanford Analytical Services Management (HASM) for the S&ML. 

There is no unique or specially designed sampling equipment used during 
this testing. All that is required is commercially available c�_rtified-clean 
-grass··or plastic sample bottles. 

.. 

Preservatives required for these protocol characterization samples will 
be supplied by S&ML. The container caps will be sealed to the containers with 
tamper-evident tape. 

The characterization samples will originate within a radiologically 
controlled facility. Before releasing the samples for offsite shipment, a 
portion of the samples shall be shipped to 222-S laboratory for radiological 
screening. The released samples shall be double bagged; the outer bag will be 
taped with tamper-evident tape. 

At the time of sampling, the sampling team will complete field logs in 
accordance with the Envfronmenta1 Investigations and Site Charact�rfzatfon 
Hanua1, Procedure Ell 1.5, "Field logbooks". (WHC-CM-7-7). A field logbook 
containing information pertinent to the sampling shall be maintained, and the 
logbook shall be a quality-effecting record. 

Sampling event documentation will be validated by S&ML and then 
transferred to CEL and HASM for inclusion in their files. 
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All QA and quality control (QC) practices shall be followed in 
accordance with appropriate analytical methods and with the QAPP. The 
statement-of-work for completing the analysis shall require the approved 
laboratories to have existing standard operating procedures, and to submit for 
approval any proposed changes to procedures during the contract term. The 
data reduction and reporting requirements of the characterization samples 
acquired under this SAP are summarized in Section 7.8. 

Testing characterization samples will be collected in commercially 
available, individually certified, precleaned glass or plastic bottles. The 
certification of the precleaned condition shall accompany the bottle. 
Recommended container types and preservatives are provided in Table 7-4. 

Table 7-4. Sample Containers. 
Analyte class Container11 Preservation 

Biological growth 2 X I L glass None 
Particle size 2 x 20 ml glass None 
analysis 
Total suspended 2 x 20 ml glass None 
solids 
Metals-total 2 X 1,000 ml glass or IINO

� 
to pH <2 

recoverable polyethylene Coo , 4 °C 
11HASM will provide the S&ML the specific container/sample volume 

requirements on a Sample Analys�s Form before the sampling event. 

7.8 INTERNAL QUALITY CONTROL SAMPLES 

Analytical samples shall be subject to in-process QC measures in both 
the field and laboratory. The following field QC requirements apply to 
characterization sampling. These requirements are in accordance with SW-846, 
Test Methods for Evaluating Solid Waste (EPA 1986). The QC field duplicate 
samples shall be collected as specified: 

• Retrieved from the same sampling location using the same equipment 
and sampling technique 

• Placed into two identically prepared and preserved containers 

• Analyzed independently. 

7.9 SAMPLING EVENT DOCUMENTATION 

Each characterization sampling event requires documentation as 
established by data management tasks which include reduction, validation, and 
reporting. The organizations responsible for data management tasks are 
discussed in Section 10.0. 
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• location of sampling point within the treatment process 
• Operating parameters used during the test run 
• Notation of sampling method 
• Physical characteristics of the samples (e.g., color) 
• Field observations 
• Problems with, or deviations from, the sampling plan. 

All notebook entries will be made in ink. Any changes to the data will 
be made by drawing a single line through the incorrect entry and writing the 
corrected entry in adjacent space. Such corrections will be initialed and 
dated by the responsible engineer. Each page of the notebook will be signed 
and dated by the responsible technician, engineer, or scientist. 

7-9 
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Table 9-1. Liquid Effluent Retention Facility Filtration Instrument 
Calibrations. 

Instrument/Gauge Calibration technique 

Pressure gauge Pressure transducer� and gauges are calibrated by the 
(psig) manufacturer; further calibration is not required for 

this application. 

pH meter The pH meters are calibrated in accordance with 

manufacturer's instructions. 

Flowmeter The flowmeter is calibrated by passing fluid into a 
measured container through the meter at flow rates over 
the range of operation. The flow period is timed with a 

stopwatch to verify flow measurement accuracy. The 
margin of error should not exceed 0.2 gal/min. 

Nephelometer The nephelometer that measures turbidity is calibrated 
with standards provided by the manufacturer. 

Temperature probe Temperature probes with the meter or data logger are 
Temperature meter calibrated by placing the probe in boiling water and then 

in freezing water. The margin of error should not exceed 
2 °C. Greater accuracy is not required. 

Data logging meter The channels used are tested by applying several known 
voltages or amperages (which-ever applies) over the range 
of the data logger and by checking the data logger 
output. The margin of error should not exceed 1 percent. 

Equipment used in TSS and particle size analysis will be calibrated in 
accordance with manufacturer requirements and instructions. 

The characterization samples will be measured according to methods 
specified in the current revision of SW-846 {EPA 1986). 

It is not clear what biological contaminants will be present in the PC. 
A level-of-effort support contract will be obtained with a laboratory capable 
of performing biological analyses. Quantitative tests will be specified as 
the primary types of biological contamination are identified. 

9.2 OPERATING INSTRU"ENT DATA 

The operating instrument data to be obtained for each unit {i.e., pH 
adjustment and backwash filtration) are listed in Tabl-es 9-2 and 9-3. The 
bases for the quality level assignments are presented in the QAPP 
{DOE-Rl 1993). 
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Table 10-1. Organization Responsibilities. (3 sheets) 

Organization Res pons i bil it i es 

EPE Provide pertinent ETF design operating parameters to 
configure and operate pilot-scale equipment. 

Approve test plan. 

Approve operating procedures. 

Approve test reports. 

S&ML Provide trained samplers for sampling activities. 
Certified sampler shall direct sampling and packaging 
of samples obtained in LERF filtration testing. 

· Obtain samples. 

Package samples for shipment. 

Transport samples to the analytical laboratory or 
shipping center. 

Document sampling activities in a controlled 1 ogbook. 

Initiate chain-of-custody for samples. 

Complete and transmit Sample Request Forms. 

Store controlled field logbooks and other sampling 
information. 

--

Provide copies of controlled field logbooks and other 
sampling data information to HASM, EPE, and CEL. 

Provide internal QC samples to the analytical 
laboratory. -

-

· Support CEL in obtaining process monitoring samples, if 

requested. 

HASH Prepare statement-of-work and select contract 
laboratory. 

Provide field sampling requirements to S&ML. 

Transmit data packages to the EDMC. (The data packages 
need to include field notebooks, sampling logbooks, and 
analytical results.} 

File chain-of-custody documentation received from 
samples. 

Environmental Approve test plan. 

Approve operating procedures. 

Approve test report. 
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A shnulanl with bacterial material was developed by using the above 
slmulanl and adding 3.0xl06/m1 bacteria. 

EFFLUENT TREATMENT F�CILITY UNIT OPERATIONS 

The £H treatment facility (tlgure I) operates using pll adjustment, 
flllralton lo remove suspended solids, Ion exchange lo remove Ilg, 
granular activated carbon lo remove organics, reverse osmosis lo 
concentrate the salls, Ion exchange lo polish lhe remaining melallc 
Ions In the waste stream, and evaporal Ion lo concentrate the sol Ids 
for groultng. The peak capacity design of lhe flf ts a flow or 300 
gpm Influent. lhe system was designed and built hy Chas T. Main al a 
total cost or SS million dollars. The design and build period look 
r our years. 

F11lratfon - The pll or the £TF waste waler Influent from the canyons 
Is adjusted lo 7.S, lo mtnt111lze the sol11hlltly or fe/fll/SI, and passed 
through a 40 mesh screen. The adjusted stream Is Introduced al 75 psi 
lo three parallel banks of Norton Ceramic Cross flow fillers designed 
to handle ISO gpm per bank unloaded or 100 gpm per bank wflh a nominal 
partial loading of particulate. £ach bank contains approximately 400 
square feel of filler surface. The filler "slicks" are composed of 
1511111 •l1'ha-al11mlna and the flow channel surface Is coaled with 0.2,,m 
alpha-alumina (nominal size). 

fl should be noted that originally a ll'IOre extensive filtration testing 
program was planned but lhe budget cuts forced curtailment of the 
testing. The Norton fillers were selected based upon economics. The 
best flow tale achieved has been 80 gpm per filtration bank and has 
been as low as IS gpm per ban�. The fillers are backflushed once -per 
hour using approximately one Minute r@verse flow of the filtrate. � 
I0,000 gallon solulton of 21 oxalic acid al 1o·c ts used lo clean the 
fillers once every 12-36 hours with a one hour cleaning solution 
circulation period. 

The back.flush waler and lhe cleaning solution are sent lo one or lhe 
two 20 gpM evaporators. The water lo be processed from the rain waler 
retention basins Is sent directly lo the evaforalors If the bacterial 
count Is above Sxl05/ml. The flllrale specl !cations have been 
maintained al a Silt Density Index (SOI) of 3 or less and a turbidity 
or less than I NTU. 

Jon Exchange - The ff tlrate Is pumped Into the Roh111 & lfaas GT - 73 res In 
which adsorbs both tonic and �tallfc Mercury. The resins also have 
1n affinity, for Pb, Cu and Cr'. There are three beds In farallel, 
each four feel In dlimeter by four fool bed depth. When llterlng the 
rain waler retention basin waler with the Norton fillers the resins 
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I gpm. The bottoms contain about 2 wtr. total sol ldlfled sol Ids (TSS) 
and 25-30 wll total dissolved solids (TDS). Th� bolloms are 
neutral I zed wHh NaOII and sent lo tank farms untt 1 the solution can be 
grouted. lhe overheads are routed back to the GT-73 resin Influent 
solution. Because of the extra demand on the evaporator due lo 
failure of the fillers, the evaporators are not able to meel lhe full 
production process needs of the ETF process. 

BIOLOGICAL FOULING 

l\rter ru�nfng the r,rocess for a few ,nonths, It was determined lhat the 
bacterial fouling was coming from the rain water retention basins. 
The bacterial foullng reduced the filler rlow lo less lh11n 20 gpm. 
Shortly after retention basin waler was fed lo lhe system, the GT-73 
tes In column plugged and the granulated acllvated carbon column 
efficiency wu reduced significantly due to bacterial fouling. The no 

OF dropped to 6 because of bacterial growth on the membranes. 
Bacterial counts were taken at each point In the process. The live 
and dead bacteria co11nt was 111easured using the ftcrodlme Orange Direct 
Count (I\OOC) method and the dead bacteria was 111e1s11red us Ing a 
Vffbfltly count with the I\OOC. Using the I\OOC technique the count was 
10 /ml lo 1011/1111 In the pll adj11st111ent l��ks, leB than 10'/ml al l�e 
filtrate side of the No-rlon fillers, .10 /ml In the Gl-73 resin, 10 /ml 
on both sides of the granuhr activated carbon column, 11nd less than 
10'/1111 In the permeate, from the RO and effl.uen·t' of the cal Ion exchange 
tolumn. 

The entire system was -sanltlled- after ft was determined that 
btofoulfng was a problem. The santllutlon lncludecl chlorination of 
lhe piping, Nam! wash of the GT-73 resin, and replacing the granular 
activated carbon beds. 

Pertohftance filtration tests Wfre run using the Norton fillers and 
slmulanls wflh no bacteria, JO bacterfa/1111, and 107 bact:)rla/ml. The 
tests showed that a flux loss or 501 occurred with the JO bacteria/ml 
sfmul�nt when co111pared lo the sfmulant with no bacteria A flux loss 
or 101 was observed when comparing the sfmulant with JO� bacterla/1111 
with the stmulanl having no bacteria. From these testi fl was decided 
that an Influent with A bacteria count greater than 10 should be sent 
lo lhe evaporators rather than the Norton fillers until an acceptable 
solution lo the filtration fouling problem could be found. 

Addfll-0n techniques of filtering the bacteria using the Norton fillers 
were considered. These Included using Olatomaceous Earth (OE), 
killing the bacteria before filtration, destroying the bacteria cells 
using acid before filtration, destroying the bacteria cells with 
ozonltlon and lye, and adding aluminum nitrate lo the Influent before 
filtration. 
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negative char9e. the Norton fillers have a rostllve charge at pll 
levels below 9. This condition co111pounds the •sticky• nature of the 
fnfluenl feed solution because of-the oproslle charge attraction. 

Several bench lop prelreah,enl technfriuu were tested lo Improved the 
performance of the Norton fillers. Sodium hydroxide was added to the 
fnorganlc slmulanl lo adjust the pit lo 7.5. this lest was run through 
the filler as a baseline. The temperature was Increased lo 40'C 
resulting fn an Improvement of 151 flow. The next test Involved 
adding sodium carbonate (Nal01 ), also resulting In a 151. Improvement. 
Hexl I lest wis run acldlfytng the feed then adding Narnt and carbonate 
resulting fn an Improvement In flow of I.IS lo 2.0 times the original 
flow. �ddltlon of lime or phosphates had no effect on the flow rate. 
A polymer flocculenl (Belz) was added resulting In a reduced flow rate 
of 0.4 lo 0.5 times the original flow rate. �lumlnttm levels were 
lncreBed significantly by adding 100 ,ng/1 of aluminum nitrate and the 
rernll Ing flow Increased by 1.5 lo 2 limes the original flow. Other 
lesls were run adjusting the slmulanl lo different pll levels with no 
slgniflcanl Increase of flow through the fillers. The multiplier Is 
based upon a 20 hour run of the filter, 

OIHerenl rore sizes were tested running the Inorganic slmulanl wllh 
plf adjustll,enl using NaOII (bench lop scale). The comparison standard 
was 0.2µ111 average pore size. The 5 micron average pore filler 
operated al a flow rate m11lllpller of 0.3 when compared wllh lhe 
standard. The 1.2 micron filler operated al a m11lllpller of I .8 when 
compared with the standard. The multiplier Is based upon a 20 hour 
run of the filler. 

ALTERNATE FILTRATION TESTING PROGRAH 

The tolla.lng l@sls were run using an inorganic slmulant developed by 
SRS personnel. 

Ctr&Mlc Ultra Cross Flow Fllt@rs - � Millipore Ceramic filler (Norton 
tiller) lest unit similar lo the tlF filtration train was tested lo 
establish a baseline for the remaining fillers lo be tested. The 
tnorgantc sh,uhol flow rate was 6 9p111. The cross filler 111embrane 
pressure·was set al 30 psi. The filter was backflushed for three 
Minutes 1,er7 30 •�nutes of operation. The backflush pressure was set 
at 80 pst. Th� lest was run for five hours. Over the five-hour run 
tycl@ the perllt@ale flow rate dropped by 251 due lo f Iller foul Ing. To 
teslort the· filler lo the original flow tale an acid wash using a two 
percent oxalic acid solution at 1o•c was reqdlred. The contact for 
the Norton Ftll@r was Burke taht•an or Hllltrore, phone 
1-800-225-3384. 
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lackwashablt ,ot)'Mrlc Cartr1d91 • lhe b1ckw1shable polymeric 
cartridge tested had an absolute Micron rating of I. The Initial 
filler flow rate wu 0.25 gpm and the feed pressure wa� 40 psi. Arter 
60 Minutes the differential pressure of the filler reached IS psi. 
lh� f11lei was backwashed with air at a pressure of 40 psi. ·The 
second cycle only lasted 11 minutes. lhe backflush pressure was 
adjusted lo 60 psi. The next cycle ended at 15 minutes. After 
allowing the filler lo soak overnight In water the cycle time 
Increased lo 37 minutes for the first cycle. Arter the first cycle ll 
dropped to 11 1nln11les. ·The flow rate or the fl lter seemed to be 
Intermittent between backwashes. lhe test ended when the filler split 
during backpulslng on the 20th cycle. The filler was able lo produce 
1 filtrate with a Turbidity reading or less than I. The soaking In 
waler event would suggest that the filler experienced air lock after 
the backpulse. Tests will he run lo lest a liquid backpulse rather 
than an air backpulse lo avoid air tock of the filler. The filler 
split because ll did not have the correct filler encasement, this also 
could easily be corrected. The gelatinous material did not seem to 
slick lo the filler media as It did with the ceramic and the sintered 
metal filters. The vendor contact for this filtration system was 
Lawrence 0. Weber of Pall Corporation, phone (516) 671-4000. 

Tubular Potrrerlc Ultrarllter "embrane · The I-Inch diameter elements 
with 17.6 ft of surface area were made of negatively charged PVOF 
Membrane having a 50,000-100,000 nominal 1110lecular weight cutoff 
(HHWC). The filtrate flow rate was approximately S gpm with a 
pressure of 27.5 psi. The filler was cleaned by forcing sponge balls 
down the lube In pl ace or backflush techniques. The operat Ion was 
continuous even during the clean out operations with the sponge balls. 
The turbidity of the filtrate was less than 0.3 NlU. The overall flux 
perforMance of lhe filler was comparable lo the ceramic filler. The 
advantage lo this filler was continuous operation without the volumes 
of backflush fluid 8nd cleaning solution required lo support the 
c@r1111lc ftlbrs. The vendor contact for this sysle111 was Nor111an 
Jardine of Equipment �ssoclales, Inc., phone (704) 522-0170. 

tubular r,brtc • The tubular fabric filler was rated nominally al 1-3 
Microns with a reed rate of 0.75 lo 10 9p111. During this operation the 
turbidity or less than I HTU was never achieved. the filler was 
cleaned using a backwash cycle. As the cycles were continued the flux 
drbpped off draMatlcally, Indicating that the backwash cycles did not 
clean the fillers lo an acceptable level. It was found that soaking 
the filler 1n IH nitric acid solution restored the filler lo the 
original flux. This technology was rejected however because the 
turbidity requirements could not be 111et.· The vendor contact for this 
system was Randy Mcknight or Mec-lrfc Control Co., phone· 
(704) 376•8555. 
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Elf des tgn. Opl htl zal1on runs would continue for one year, us Ing the 
selected pilot �lant. 

COSTS 

To date an esllmaled one Million dollars has been spent tn finding a 
solution to the filtration problems of the [TF. Before completion of 
all the lest tl ts estimated that an additional 0.7 1nllllons dollars 
wt11 be spenl. The estimate for the final plant upgrades ts about 
27 Million dollars. 

CONCLUSIONS 

In the orfgtnal approach lo designing the ETF fl was Jssumed that the 
filtration operation was straight forward. As a result funding for 
the ftllratton lests were cul. Jl has since proven to be a very 
expens Ive cut and could eventually· t.Q.U SRS an Jddl l Iona) Z9_rn.1.ll12n 
do) hrs tn order to 111eet £1F Influent flow requirements. The C-018 
Influent stream Is similar lo the [lf Influent strea� lt Is said. 
that hindsight Is 20/20 vision and we have the benefit of thal vision·. 
from the SRS experience. 

REC0HHEHOATI0HS 

It Is recolllTlended that a filtration test program for C-018 be 
developed fn a m�nner which coordinates with the sns experience. The 
tests should be pilot plant sized tests that use acl11al LERf solution 
as the Influent for the filters. These lest will require funding for 
filler hst pilot plants similar to those selected by SRS. Careful 
planning of the filtration test progra111 here al llanford can help us 
avoid the same costly mistakes that plague SRS. 
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Shuts down operation if the system begins to leak. 

• Electrical systems, recorders, controllers, and sensors meet 
National Electrical Manufacturing Association enclosure 
requirements and are readily accessible. 

• Sensors and overrides are provided t� detect and shut down the 
system if liquid feed is lost during filter operation. 

• Pump motors have high-temperature overrides to protect against 
excessive operating heat. 

• The electrical system has a reset button that manually restarts 
the system in the event of power loss recovery; the system remains 
off when power is restored until the reset button is activated 

• ·A complete set of design prints is included with the system.· 

• A reco1T1T1ended operating procedure is provided by the vendor. 

• System components are readily accessible for service and repair. 

• The filter includes the following instrumentation: 

Flow meters and recorders continuously monitor and record 
the flow of the filter membrane feed, concentrate, and 
permeate (flow meters and recorders are selected by the 
vendor). 

A vendor-selected recording system continuously measures and 
records liquid pressure on the feed, filtrate, and 
concentrate sides of the filter. 

In-line turbidity meters continuou�ly monitor and record 
data on both the feed and permeate side of the filter 
membrane. The anticipated feed solution will have a 

turbidity between 1 and 200 NTU. The turbidity meters must 
be easily accessible and the readings must be adjustable to 
compensate for turbidity probe_ fouling. Sample measured 
with the turbidity meter must be representative of the 
associated stream. 

A temperature measuring device continuously monitors and 
records influent and permeate temperatures. 

8-4 



911· j 3298., 0 196 

WHC-SD-COlSH-TP-010 Rev. 0 

This page intentionally left blank. 

C-2 



WHC-SO-COlSH-TP-010 Rev. 0 

This page intentionally left blank. , 

C-4 


