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1. Introduction - As part of an overall north boundary containment system the

Project Manager's Office has autlined program tasks to Be performed. These
tasks seek to solve the problem of contaminates migration across the north
boundary at Rocky Mountain Arsenal, and thus address the Cease and Desist Orders
issued by the Colorado Department of Health in April 1975. This paper addresses
the task of developing a fluoride removal process.

The task of developing a fluoride removal process was broken into two stages;
(1) a literature search to determine and compare methods, and (2) a testing plan to
quantify the parameters of the most promising method. The literature search re-
vealed activated alumina adsorption to be the most efficient up to 10 ppm levels of
fluoride (these levels are above those found on the north boundary at RMA). While

b ‘
parameters (pH, flow rates) were listed, the values were ranged rather

the important
than quantified. The effects of different typeé of activated zlumina were not
listed possibly’due to the non-availability of these different types of activated
alumina at the time. This testing plan seeks té find the optimal values of flow
rates, pH and type of activated alumina plus the backwash efficiency. The testing
plan was designed so fhat the optimal values for these paraneters can be scaled;up
to a full sized pilot plant used in series with the Calgon Activated Carbon Ad-
sorption Plant,

2+ Objective -~ The objective of this study is to determine if the activated alumina
adsorption method is/iechnically.and economicaily feasible method of removing
fluoride from the north boundary groundwater. Although treatment of untreated Well
118 water resulted in cementation effects (binding and plugging of activated alumina
by organics), it is believed the lower contaminate concentration plus pretreatment

of the north boundary water will allow the activated alumina adsorption method to

successfully remove fluoride to acceptable levels. If the tests of the activated

“alumina method for removing fluorides are successful, then the analysis of the

resulting data will allow the scale-up figures for a pilot plant to be determined.

|




This pilot plant could be series coupled to the activated carbon adsorption system
(the Calgon plant) at the north boundary.

3. Approach - The first sub task is sampling the groundwater wells on the north
boundary, specifically the dewatering wells to the Calgon plant, since activated

carbon pretreatment is needed to prevent cementation effects, so that the fluoride
levels being dealt with can be determined. The next sub task is collecting water
from a representative dewatering well and pretreating the well water with the

activated carbon adsorption process. The third sub task involves testing the three

parameters affecting fluoride removal efficiency by the activated alumina adsorption

method, these parameters are: (1) flow rate (thus contact bed time), =mdx (2) pH
levels, and (3) type of activatéd alumina used. The fourth sub task is that of
determining the efficiency of fluoride removal after spent alumina has been re-
Chargéd. The' results of these tasks will not only determine optima operating param-
eters for a pilot fluoride removal treating plant in line with the activated carbon
adsorption treatmeﬁt plant, but lay the basis for a comparison with other methods
and/or materials. The product is ultimately north boundary groundwater that will
meet the Colorado Health Department standards for fluoride levels as addressed in
the Cease and Desist Order. The subproduct is a method which will lead directly
to a north boundary pilot plant capable of reducing fluoride levels to the
Colorado Health Department (and other agencies) acceptable standards.
4. Methodology -

Sub task #1 - Finding baseline fluoride levels.

a. Purpose - The purpose behind sampling the north-boundary dewatering wells

is to determine with a high degree of confidence the range of fluoride levels

w'.q%h Wil _
present in the dewateting wells to feed the Calgon plant.

b. Equipment - A water sample bailer, a step ladder and 1 liter sample jars
weie the only physical pieces of equipment needed to pull samples from the north

boundary dewatering wells.
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lab??
~¢. Experiment - Thé samples will be analyzed at the MALD fécility for pH and
fluoride levels. The results will be cataloged with reference to date, time of
day, location, pH and fluoride levels found. The results will be tested sta-
tistically to determine if the dewatering wells remain stable as to pH and fluoride
levels from one week to the next, and to set a baseline range for the pH and
 Sepdistieally
fluoride levels. A representative well will also be found&whire a 1000 gallon
north boundary testing water can be pumped.(??7) Foum Fhich

d. The samples will be 1 liter, taken twice dailyvtwice aIWeek over a three
week period. These samples will be taken from.the'six dewatering wells plus two
control wells located roughtly 100 yards to the left and right from the dewatering
wells' line. This test will be called '"The North Boundary pH and Fluoride Levels
Baseline". Clbse contact is‘required with SIAO and MALD personnel and facilities.

e. Standard chemical tests will determine the pH and fluoride levels. The
results of the MALD tests will be treated with the Bayesian Estimatgééi?@ method
against the following hypothesis: (1) one of the six dewatering wells represents
the mean of the group (2) the pH and fluoride levels remain stable>§ver long
periods (months) of time, and (3) the pH and fluoride levels remain in a specified
(1st Bayesian Estimate) range.

Sub Task #2

a. Pﬁrpose - To collect north boundary water for use in activated alumina
columns to test fluoride reﬁoval efficiency.

b. Scope - Tanker and pump to take 1000 gallons from the dewatering well
most_representative of all six dewatering wells. Assistance needed from Bldg 802
personnel and RMA motor pool personnel. Sub task entitled "Drawing North Boundary
User Sample Waterx".

Sub Task #3

a. Purpose - The purpose of this task is to determine the optima fIOW»rates;

pH levels and type of activated alumina in the activated alumina adsorption columns .
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e. Define any modifications in procedures or design that need.
further evaluation. :

f. Provide additienal data for use in refining andtcalibrating-
a mathematical model of the UV/ozone treatment process.

g 0bta1n the necessary 1nformation for design of a pilot plant

along with an estimate of treatment costs for the various
source waters. . - »

MATERIALS AND METHODS

Equipment

8. The UV/ozone field scale.system will incluae a precipitate -
removal unit, any one of‘three separete reactor units, and a ozone
generator. Additional equipment.such as flow meters, thermometers,vand
a ozone measuring system will be obtained and used to provide conplete
ménitqring ofvali operational patameters.h

9; The precipitate temoval:systen niil‘he designed based on informa-
tion obtained in the study beingvconducted by RKAt"Thevfinal unit design
will probably include a contactor‘system u51ng air or exhaust gas from -
the UV/ozone reactor vessel and a partlculate removal system such asba
clarifler or fllter. fhe precipltatevremoval system will be an add—on
device to facilitate.its use only as needed on partlcular source weters.

10. Three separate reactor units. w1th‘d1fferent conflouratlons
fﬁiil<he investigated. These three units Wlll prov1de the versatlllty
needed in the study due to the variation in charactetlstlcs of the
SOuree waters being tested. None of the units as configuredlare conmer—
cially aveilable but the designs will ineotporate eff-the—shelf available
components. to decrease .costs and delivery times._ Construction costs will;

be covered by funds appropriated during FY‘77; FY 78 funds will be used




to conduct studies at RMA. The designs for these three uﬁits have not .
been completed, but a'generai discussion of the units will be giveﬁ'A
in this.plan. |

11. The first reactor unit will consisf of six separate stages each
containing a gas sparger and a UV lamp. - Each stage will be.constrﬁcted
ffom a six-foot sectionbof eight—iﬁch ID stainless steél fipe.‘-A.single
BY lamﬁ will be placed down the center of the pipe.. Mixing will be
accompliéhed by means of the sparged gas mixture. The unit is designed
for use of cocurrent or countércurrent‘flow. This unit is similar to
a test unit used by OTSG in their work on hospital wastes but will have
additional features Sucﬁ as précipitatebremdval ports and variable flow
icaﬁébiiity. Thé author has visiﬁéd‘ft; Detrick Wheré tﬁe hospital ﬁasﬁe
test program was conducted. | |

12. The second reactor unit will be a single mechanically mixed
"~ .reactor. The feactor vessel Willvbe consﬁru;ted of stainless steel E
and will contéiﬁ a vériable sbeEd'impéiler mixéff Two‘tolfour UV lamps
will be inseftéd in the.rea§£of}§eés§1 so:és to surrognd the mixer; - |
| 13. .fhe third féac£6r u;i£'Qilia;;éfiﬁé.éiséolQéd.éigfpreééﬁgg%f'

relief principle for gas introduction. The unit will consist of preésure

_vessels where. the ozone/oxygen mixture will be introduted under pressure . .

into a side stream of the water to be treated. This side stream will
then pass through a pressure relief valve into a reaction chamber with
the remainder of the water. Very small gas bubbles are formed as a result

of the decrease in pressure. The unit will provide for water recirculation

and will have UV light sources in both the pressure vessel and in the

reactor chamber. The unit will be constructed of stainless steel.

.'.~. 5




14. All three units will be configured so as to be extremely
adaptable. The units will allow for variable control of temperature,
pH, and pressure along with the standard operational parameters. The
three ehits wiil have similar volumes of approximately‘300 to 350 liters.
The unitS'will’be skid‘mOunted and highly pdrtable. |

15. These three units ihcorporate threevdifferent types of gas
lntroductlon since it is anticipated'that the effectiveness of a
particular gas introduction system will wvary w1th the type of water being
treated. Sparged gas systems are inclined to clog when used to treat
water with high concentrations of metals in a reduced state. In waters
with hlgh organic contamlnant concentratlons, the mass transfer of ozone
‘ across the a1r/11qu1d 1nterface can become a. llmltln° factor.' Ih thlS
case, a decrease in gas bubble size will generally result in a better
ozone mass transfer rate due td the increase in area of the air/liquid
interface. h

16. Thehproblems previbusly diScuSsed indicate that one type of
teactor unit will probably not effic1ent1y treat all types of ‘source .
water. .The use of three separate reactor unlts allows for better

optlmlzatlon of the treatment process on a varlety of source waters.

Investigation of Precipltatlon in Water from PW 118

- 17, The precipitation study belng conducted by RMA (under the
technical direction of WES) will 1nclade three major tasks. These.
tasks hahe been tentatively identified as‘foliows: (1) a meaSure 6f
precipitate generation ﬁith respect to gas sparging time,.(Zj a ehemical-

‘charactexization of the'precipitate,.aﬁd'(3):an investigation of the




physical settling characteristics of the precipitate. The information
gathered will be used to design the precipitate removal system to be
used in the UV/ozone field scale system.

18. Precipitate Volume vs Time. A determination will be made of

'precipitate.volume generated ﬁith respect to sparging_time for the.
following gases: (1) air,v(Z) oxygen,~(3),oxygen/ozone mixture. Each
gas will be sparged for increasing periods of timeland the precipitate
volume generated'ﬁill‘be.recorded for each test. »Precipitate volume
will be plotted against time to determine optimum,contactktime for
maximum precibitation for each gas. Thislinformation will be expressed

as gas flow per unit volume of water.

19. Chemical Cheracterization."Sperging tests Will be conducted
using times obtained in the first procedure. bAfter settling, the liquid v
w1ll be decanted and an addltlonal test run made with ozone to determine
~ how much more precipitate is’ formed quuld and preclpltate samnles
will be collected from these runs for metals analy51s and organlc analysis.
These tests w1l1 1nd1cate the metals belng prec1p1tated along with the
amount and 1dent1ty of organlc.matter'belng removed w1th the precipltate;'h‘hv

20. Phys1cal Settllng Characterlstlcs. A standard settling chamber*

w1th 51de sampllng ports w1ll be used in determlnlng settllng character—
isties. Gas will be sparged into the chamber for .the approprlate time .
and then the gas shut off to allow the precipitate to start settling.

Samples will be taken periodically from the sample ports and suspended

%Camp, T. R., "Sedimentation.and the Deslgn of Settllno Tanks," Trans.
ASCE, 111 {(1946), 895-936. :




solids analysis conducted on each sample. The percent removal of solids
will be computed for each sample and'plotted.against time and depth.

21. A1l information generated in this study will be furnsihed to
WES peféonnel for evaiuétion, WES will be responsible for final‘designi
approval and éonstruction of é unit tb»bé inpofpofated into the UV/ozoné,
field scale system. | |

Field Scale System Operation

22. The UV/ozone field»scale study will begin with a series of
break-in and calibration runs conducted on PW 3 source water. Initial
operating parameters will be determined by extrapoiation from'existing
data.- | e

23. A féctoriél type experiment will be coﬁducﬁe&:using é'ﬁariet&

~of parameter settings. Experimental runs on eachrsﬁurce water will be
méde‘ﬁith various reactor unité:ﬁntil the optimum uﬁit can be detef~

mined. At that ?oint, a series of additional runs will be made on the

source water in order to optimize operational parameters associated with

the unit.: i

.

"24;' Wéter’froml?w:ilS wiiirﬁé'teéféé%fifst”&ﬁéitoifhe”éVQEIQBiiiﬁfﬁTxi&év.:

of data.f;Am previousjstudies. Other_source vater as identified by the
,PMO Will_thgp be tested. It ?s antiéipated tﬁé;vthrée to four ruﬁs:per; N
unit p;r week can be'conducted‘atVRMA; S . 25

25, The data generated in thié study will be usea to assess ihe
effectiveness of the UV/ozone treatment process in removing organic

‘contaminants from various source waters at RMA. This assessment will

include estimated costs for treatment of the source water.




Sampling and Analysis

26. The field scale system will be instrumented to facilitate con~

tinuous monitoring of operating parameters. Parameters to be monitored

include:
a. Ozone conceﬁtratipn in the feed gas.
b. Oxygen concenﬁratién in the influent aﬁd effluent;v
.'—c‘. '

- pH of influent and effluent.
d. Liquid and éas flbw rate.
e. Temperatﬁfé.

.27. As in previoué studies, DIMPF(diisoproﬁylmethylphosphonafé)
.will probably be used as a representatlve constltuent on whlch to base
treatment}eff1c1ency. Analyseskw1ll ‘be conduéted as follows.

a. Organié |
(1) poE
@) pecep
(3}1>Pesticiaés l xx

"1(4).'Organosulfur compounds

(5)' Organophosphorus compounds-”
(6) TOC (Total Organlc Carbon)

_(7) COD (Chemlcal Oxygen Demand)w,,,_.t.u.

"h,"Metals'
(1) Iron

(2) Lead
(3) Mercury.

(4) Arsenic




(5) Ménganese
(6) Sodium
c‘. Others ‘
(1) Total dissolved solids .
{2) Coﬁductivitfi | |
"(3) Chloride
~(4) Fluoride
(5) Bromide
(6) Hardness
(7) Alkalinity
(8) Sulfaté
(9) Nitrite
(10) Nitrate
(11) Phosphate
The aforementioned analyses»ﬁiil bé‘conduqted.throughouﬁ-the study. Not .
all %naiyses will bé conduéféé.bﬁ.éVéfy sémpie?vbut.éuffiéient tésfing :
will Be‘cénducted t§ insure,é fho:dggh ChAractg:izétion'qf thé different

source ﬁatef”samplés;w:Sampieé“ﬁilimﬂéiCGIiééféd and éﬁéI§éé&qééE8;diﬁé7'7ﬁ

to Staﬁéé?d Methods. s _

28, The Analytical Leboratory Grouwp (ALG) ot WES will conduct metal
analysis on the’various'samples;‘3The~Maté#£al~Analysi§-Laboratory-Divisioﬁ»»»'
(MALD) at RMA will be responsible for organic analysis of samples.éxcept |
for TOQ and COD. WES personnel‘will Be responsible fofbany other'analyses
to be performed on site. Apprdkimateiy 50 to 60 samplés per week will

be submitted to MALD for DIMP analysis. Approximately 10 to 15 samples

10




per week will be submitted for analysis for each of the other organicv
species. Approximately 10 to 15 samples per week will be submitted to

ALG for metal and other analysis.

'Scheduling,

29. A time schedule for operation of the UV/ozone field écaie system
ddring FY 78 is presented in Figure 1. Test plan development is scheduled
for completion by January 1978. The RMA test plan for the precipita;ion
study is scheduled for cqmpletionbby 20_Jénuary 1978. The initial phase
of the precipitation study is scheduled for start-up at that time and
should be completed by 1 April 1978. The remainder of the precipitation
study will be cpndugted concurréntly with the field studieé from i;ﬁe.to
September. The procurément éf field scale equipment is scheduled frém
Januar& through‘May‘l978. _Star;ing.in June, the field scalé system will .
be in operation:ét RMA, A.fiﬁéi éﬁmﬁary reﬁor; on work completed in .

FY 78 on the fieid‘scélg system is d§e:1 October‘1978;”': o




