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INTRODUCTION

1. Geoundwater at Rocky Mountain Arsenal (RMA) has been found to
. contain certain organie contaminants as a result_df various past and
- ongoing activities at the arsenal. An initial bench scale treatabiiity
stedy*“identified a comﬁiﬁed eltravioiet light aﬁd ozone oxidaﬁion'procees
as having‘a high potential for removing the organic contaminants. As-a‘
result of this study, a’'1000 gpd field unit was obtained on a short term
basis and placed in operation at RMA during the summer of 1977 to further
assess the potentiel of the UV/ozone treatment.process in removing organic
contaminants from RMA groundwater. In this study, the UV/ozone process
proved very successful in removing brganic contaminants from the particu-
Llar groundwatex tesﬁed. | s

2. The field-scale study was limited in scope by the configuration
of the'UV/ozope field unit ﬁsed. vTﬁe_unit.confiéuration did not alloﬁ |
for Qariable control of ce;taiﬁ parameters sueh as temperature, pH, T

pressure, and mechanical mixing. These parameters must be evaluated as

to their effect on process efficiency for the various source waters at

3. During the limited field-scale study, three runs were made on
water from PW 1138 u51ng the ULTROX unit, ThlS work was conducted to
:determlne 1f any operatlonal problems would eccur when freatlng weﬁe;
with above normal concentrations of iron and manganese. The water

from PW 118 was found to contain iron and manganese in a reduced state.

*Buhts, et al, "Evaluation of Ultraviolet/Ozone Treatment of Rocky =
Mountain Arsenal Groundwater (Treatability Study)'", March 1977. =




Tne oxidation of‘these metals.by the ozone/oxygen mixture in the uv/
ozone.process unit resulted in the formation of a precipitate that
settled to the bottom of the reaetor vessel. This precipitate inter-
ferred.&ith the transmittance of the UV light which resulted in .a decrease
in~ntocess efficiency. Tﬁe precipitate sceumulated in the bottom of the
teactor.vessel since the field unit was not equipped for sludge handling

and removal. It is ant1c1pated that other source waters at RMA will

PG

contain metals in a reduced state and therefore the addltlonal require-
ments for the removal of the precipitate need to be addressed.
’ 4. The limited field-scale study indieated a need for a very ver-
satile field-scale treatment process system that can be used on different
source ﬁatets. In order to satisfy this requirement, a field scale system
will beAdesigned, built, and placed in operationsat RMA. This system |
will be composed of thtee sepafate reaetor;nnits, eacn with a different
conflguration, and a prec1p1tste removal unit. The system will provide
the versatillty needed for fleld‘scale evaluatlon of the UV/ozone process
in treatlng source water at RMA A fleld—scale study will be conducted .
at RMA u51ng the new. system to evaluate the treatment potentlal of UV/
ozone on various source waters. |
5. In support of the eVerali field-scale study, an initial inyesti—
Ugetidn.of the”preeiéitstien.dssqtiated.ﬁith ﬁV/eeone ££éé£¢éﬁg“ofx§5£e§_
from Well 118 will be undertaken. This study will provide.information
needed in the design of the‘precipitate removal unit. RMA personnel from

the Process -Development and Evaluation Division (PDED) will conduct this

study with WES personnel providing technical assistance. A detailed -




program outline is presently being dereloped by RMA but a general discussion
of the study will be included in this planr The completed program out-~
line will be distributed as an amendment to this plan. |
‘f6 The laboratory bench-scale unlt w111 be used to provide support
as‘needed for the fleld—scale system;' Informatlon galned in the benche
scale study will be used to verify the design and to develop the initialv
operating procedores and parameters for the field-scale syetem.* The
laboratory unit will alsoc be available oo an as-needed basis duriné
actual operation of the field systemvdoriﬁg the third and fourth quarters

of FY 78.

OBJECTIVES
7. The overall ohjectives of the field scale study are as follows:

a. Assess the potential of the UV/ozone system in removing
organic contaminants from various RMA source waters.

b.. Investigate the precipitation associated with UV/ozone
treatment of water from PW 118 to provide the necessary
1nformat10n for de31gn of a precipltate removal unit.

(l) Determlne the. effect of air oxygen, and oxygen/ozone R

‘mixture on the formatlon of precipltate 1n ‘water from “J'L ih“mff

PW 118.
(2) Determine the chemical characteristics of the.precipitate;

(3) Determine the physical settllng characterlst1cs of .
7 the prec1p1tate.’"“ " SR R

c. 'Evaluate the effectlveness of the dlfferent reactor conflg-
nrations with regard to dlfferent source. waters.

d. 'Determlne the optlmum operating condltions for the UV/
ozone system with regard to different source waters.

*The bench—scale study is discussed in a test plan titled "Test Plan for
' Laboratory Bench-Scale Study (Ultrav1olet/020ne Process)" January 1978




e. Define any modifications in procedures or design that need
further evaluation. :

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

g. Obtaln the necessary 1nformation for design of a pilot plant :

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

MATERIALS AND METHODS

Eguipment

8. The UV/ozone field scale.system will.include a precipitate . !
removal unit, any one of three separete reactor units, and a ozone
generator. Additional equipmenthuch as flow meters, tﬁermometers,.and
a ozone measuring system will be obtained and used to provide copplete

. mbnitqting ofkali‘operational parameters.i. |

9. The precipitate removal Systeﬁ ﬁiii be designed,based on informa-
tion obtained in the study belng conducted by RMA Thevfinal unit design
will probably 1nclude a contactor system u51ng air or exhaust gas from-
‘the UV/ozone reactor vessel and a partlculate removal system such as.a
clarifler or fllter. The precipltate.removal system will be an add—on
device to facilitate-its use only as needed on partlcular source weters.

‘10. Three separate reacter units with different configurations
'w111 be 1nvest1gated. ihéée three'ﬁﬁits'will providehthe'setsetiiitf
needed in the study due to the varlatlon in characterlstlcs of ther

source waters being tested. None of tﬁe units as conflgured‘are comﬁer—
cially aveilable but the designs will ineotporate eff—the—shelf available
components. to decrease.costs and delivery times,- Construction costs will

v

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




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

11. The first rea@tor uﬁit willvconsisﬁ of six separate stages each
containing a gas sparger and a_ﬁV lamp. - Each stage will be.constructed
ffom a six~-foot sectionvof eight—iﬁch iDvétainless steél pipe.. A single
BV lamp will be placed down the center of the pipe.' Mixing willvbe
accompliéhed by means of the sparged gas mixture. The unit is designeé
for use of cocurrent or countércurrent flow. This unit is similar to
a test unit used by O0TSG in their work on hospital wastes but will have

additional features such as precipitate removal ports and variable flow

‘caéébiiity. The author has visiﬁédv?t. Detrick Wheré the Hospital waste
lfest-program was conducted. |
12. The second reactor unit will beva single mechani;ally mixed >i

" reactor. The reactor vessel will be consffu;ted of stainless steel -

and will contéin a vériable sﬁeed'impeller mixéf. Two'to'four uy lamps
"will be insertéd in the'rea§to£.§eésg1.souéé to surrogpd the mixer;iT‘.

| 13. >fhe third féacgdr u;if &iii’ﬁééﬁiﬁé"&isgalvéd'éiijpre5§£§£77”
relief principle féf“éas intrbductién. The‘uﬁithiii'éonsist of preésure
.vessels_where.thg ozone/oxygen mixture will be introduced unﬁer pressure
into a side stfeam'of‘the"watér to be treated. This éidé streém‘will

then pass through a pressﬁre relief valve into a reactibn'chamber with

the remainder of the water. Very small gasbbubbles are formed as é‘result
of the decrease in pressure. fhé 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.
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14. All three units will be configured so as to be extremely é
adaptable. The units will allow for variable control of temperature,
pH, and pressure along with the standard operational parameters. The
three units wiil have similar volumes of approximately‘300 to 350 liters.
The unrtS‘willJbe skid mounted and highly portable.
15. These three units incorporate three different types of gas
introduction, since it is anticipated‘that_the effectiveness of a
particular gas introduction system will vary.with 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 alr/llquld 1nterface can become a llmltlno factor.' Inothls
case, a decrease in gas bubble size will generally result in a better
‘ozone mass transfer rate due to the. rncrease in area of the air/liquid
interface. -
16; The problems prev1ously dlscussed indicate that one type of
reactor unit will probably not efficlently treat all types of source ..
water. " The use of three separate reactor unlts allows for better ffr:'5‘7“fr'"

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

Investigation of Precipltatlon in Water from PW 118

Y The precipitation study belng conducted by RMA (under the .
technical direction of WES) will include three major tasks. These
tasks have been tentatively identified as follows: (1) a measure of

precipitate generation with respect to gas sparging time, (2) a chemical

charactexization of the'precipitate,‘and'(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. v?recipitate Volume vs Time. A determination will be made of
'precipitate.volume generated nith reshect'to sparging'time for the.
following gases: (1) air,‘(2>'oxygen,‘(3)_oxygen/ozone mixture. Each
gas will be sparged for increasing periods of time and the precipitate
volume generated will be_recorded for each test. »Precipitate volume
will be plotted against time to determine optimum contact time for
maximum precioitation for eaeh gas. This:information will be expressed

as gas flow per unit volume of water.

19. Chemical Characterization."Sparging tests Will be conducted
using times obtained in the first procedure. bAfter settling, the liquid
will be decantedvand an additlonal test,run made with ozone to determine
~ how much more preeipitate is‘forned.’ALiquid and preeipitate samples
will be collected from these runs for metals analy51s and organlc analysis.

These tests w1ll 1nd1cate the metals belng prec1p1tated along with the

amount and 1dent1ty of organic matter belng removed w1th the precipltate."'vv

26;- Phy51cal Settllng Characteristlcs. A standard settling chamber*
w1th side sampllng ports w1ll be used in determ1n1ng settllng character—
istics. Gas will be sparged into the. chamber for the approprlate tlmeAw,
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. All information generated in this study will be furnsihed to
WES peféonnel for evaiu;tion. WES will be responsible for final_designj
approval and éonstruction of é unit to bé inpofpofated into the UV/ozoné,
field scale system.

Field Scale System Operation

22. The UV/ozone field scéle 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'.
daté.. | i |

23. A factorial type experiment will be coﬁducted.using é ﬁariet&

~of parameter settings. Expgrimental runs on each source water will be
m;de'ﬁith various reactor uniéé:ﬁﬁtil‘thé optimum unit can be detef—
mined;' At that‘?oint, a éerieé of gdditional runs will.be made on theh
source Qatef‘ih ordér to-pptimiéé operational pa;ameté;s‘associate& with
| A"éé;i Water frém-Pw 1i8 wiiirﬁé”tégééaﬁgif;tJdﬁéﬁtdTgﬁeﬂéVéiiégiiiEfi:w
of data.fégm previoﬁsfstudies. dther_source vater as identified b& the
PMO Will.thep be tested. It is antiéipated‘tﬁétvthrée to four runs per
unit p;r week can be~conducted'atﬁRMA;‘f | i | o
25. The data generated in thié study will be used to assess ihe
effectiﬁeness 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 coneehtretipn iﬁ the feed gaé.
b. Oxygen concenﬁratiee in the influent and effldent;'
c. pH of influent and effluent.

d. Liquid and gas flew rate.
- e. Temperature. |
27. As in prev1ous studles, DIMP (d115opropylmethylphosphonate)
.will probably be used as a representatlve constltuent on whlch to base
treatment efficiency. Analyses w1ll be conducted as follows:
a. Organic
(1) Do
@ bcep
(5} Pesticidesile}e

'.(4) ‘Organosulfur compounds

(S) 'Organophosphorus compounds R
(6) TOC»(Total Organic ‘Carbon) -

.(7) ..coD (Chemical-Okygen_Demand)wA,,_.f.xv

"b. Metals
(1) Iron |
(2) Lead
(3),_Mercurym‘
. (4) Arsenic




(5) Manganese
(6) Sodium

. Others

o

(1) Total dissolved solids
62) Conductivity; | | |
" (3) Chloride
~(4) TFluoride
(5) Bromide
(6) Hardness
(7) ‘Alkalinity
(8) 'Sulfate
‘(9‘) Nitrite
(10) Nitrate
' (11) Phosphate -
The aforementioned analyses-will be‘conducted'throughout-the study. : Not
all analyses will be conducted on every sample but sufflclent testing '
will be conducted to insure a thorough characterlzatlon of the dlfferent

source water samples.1 Samples w1ll be collected and analyzed according

to Standard Methods.

_28. The Analytlcal Laboratory Group (ALG) at WES w1ll conduct metal

analysis onvthe various  samples. The Materlal Analy81s Laboratory ‘Division: - - « -

(MALD) at RMA will be responsible for organic analysis of samples except
for TOC and COD. WES personnel will be responsible for any other analyses
to be performed on site. Approx1mately 50 to 60 samples per week w1ll

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




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

ALG for metal and other analysis.

'Schéduling

29. A time schedule for operation of the UV/ozone field scaie system.
dﬁring FY 78 is presented in Figure 1. Test plan devélopﬁent is scheduled
for completion by Januaryv1978. The RMA test plan for the precipitapion
study is scheduled for completion by 20 January 1978. The initial phase
of the precipitation stﬁdy is scheduled for start-up ét that time and .
should be completed by 1 April 1978. The remainder of the precipitation
study will be épndu;ted concurréntly with the field studieé from iﬁﬁe.to
September. The procurément of field scale equipment is scheduled ffdm
Januar& through May‘1978.>48tarting:in June, the field scalé systém will
be in opetation ét RMA, A'fiﬁai‘sﬁmmary repor; on work éompletedvin"'
FY 78 on the fieid s;élQVSYsteﬁ-ié due 1 October‘l97é;" :‘ o
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