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1. The Value Engineering Team for this groundwater clarification system 

study 'consisted of the following Rocky Mountain Arsenal personnel: 

Richard Welling    Industrial Engineer    Chairman 
Rudolph Sweder     Industrial Engineer    Member 
Dennis Prusinski   Chemical Engineer      Member 

The procedures used for this study follow those published in the "Prin- 

ciples and Applications of Value Engineering," USAMETA Course Book, Rock 

Island, 111., Sept 1973. The format for this final report basically fol- 

lows the outline on Page 6-4 of the cited book. 

2. PROBLEM DESCRIPTION: As a result of prior industrial operations at 

Rocky Mountain Arsenal various contaminants have been released beyond 

the Arsenal boundaries through surface and subsurface water streams. 

Industrial type operations have been conducted at Rocky Mountain Arsenal 

for over 35 years. In addition,to the U.S. Army operations, Shell Chemical 

Company is manufacturing herbicides and insecticides at RMA under a lease 

agreement. In May 1974, diisopropylmethylphosphonate (DIMP) and dicyclo- 

pentadiene (DCPD) were detected in surface water draining from a marshy bog 

on the northern boundary of the Arsenal. In December 1974, the Colorado 

Department of Health detected DIMP in a well near the city of Brighton, 

Colorado. These discoveries led the State of Colorado Department of 

Health to issue three Cease and Desist Orders on 7 April 1975 against Shell 

Chemical Company (SCC) and Rocky Mountain Arsenal (RMA).  In short, these 

orders stated that SCC and RMA must: 

a. Immediately stop the off-post discharge (both surface and sub- 

surface) of DIMP and DCPD. 

b. Take action to preclude future off-post discharge (both surface 

and subsurface) of DIMP and DCPD. ' 



c. Provide written notice of compliance with Item a. 

d. Submit a proposed plan to meet the requirements of Item b. 

e. Develop and institute a surveillance plan to verify compliance 

with Items a and b. 

This value engineering study deals only with the subsurface flow problem. 

The. inajor extent of the subsurface flow has been found in an area along 

the northern boundary of the Arsenal. Until the source locations can be 

identified and cleaned up this subsurface flow will be blocked with a bar- 

rier, dewatered via a well system, cleaned up through a process plant, 

and returned to the aquifer on the other side of the barrier through re- 

charge wells. This study specifically deals with the water treatment 

process to be utilized. A general outline of the RMA North Boundary is 

included in Attachment 1. 

3. Present Method: The method originally selected for water treatment 

was carbon adsorption utilizing powdered carbon in an upflow clarifier. 

This process selection was arrived at through a logical and sequential 

developmental path.  In summary, the processing problem was recognized 

as being treatment of subsurface waters at the north boundary of RMA. 

Immediately adjacent to the area where water would be pumped from there is 

a bog. This bog is created from subsurface waters being discharged to 

the surface through a fault. This water was selected for use in evaluating 

candidate treatment processes. Using the expertise and prior experience 

of MERADCOM, an evaluation of treatment methodologies for the selected 

water was performed. Carbon adsorption was selected and isotherms were 

run using various carbons (granular and powdered). Powdered carbon pro- 

duced the optimum results.  Fortunately, MERADCOM had both 420 gph and 

10,000 gph treatment plants available for use in experimental verification 



of treatment capabilities.. Extensive experimental runs were performed 

using*bog water and the 420 gph unit. To form and maintain a carbon bed 

it was necessary to use both cationic and anionic resin flocculants. The 

key operating parameters (£1°™ rate, carbon dosage, anionic and cationic . 

quantities, etc.) were varied land the system operating parameters optimized. 

At this time it was realized that virtually any reasonable removal rate for 

DIMP and DCPD could be achieved with this process. To verify the scale up 

factors the 10,000 gph unit was operated on bog water for a short period. 

This test confirmed the feasibility of full-scale operations. Water was 

then obtained from wells at the site of the proposed barrier. This water 

was then processed through the 420 gph unit and the potential removal ef- 

ficiency was verified. The well waters were notably different from the bog 

water. While DIMP was at the 400-450 ppb level in the bog, it was close to 

1500 ppb in the well waters.  It was at this stage of development (prior to 

final commitment to procede with a powdered carbon water treatment facility) 

that this value engineering study was accomplished. While powdered carbon 

will achieve the removal efficiencies desired it was recognized that sludge 

handling problems remained to be solved and that the actual subsurface water 

to be treated was of a different character than the bog water on which this 

process development was based. A general powdered carbon process flow 

diagram is provided in Attachment 2. 

4. Proposed Alternative: Several alternatives were considered prior to 

system selection. These included reverse-osmosis, UV-O3, resins, powdered - 

carbon, and granular carbon. Carbon adsorption remained the best alterna- 

tive due to the high removal efficiency for the organic contaminants 

involved and the low energy requirements for system operation! A rerun of 

carbon adsorption isotherms using well water (more representative of actual 

3 



conditions than bog water) showed granular carbon to be more efficient than 

the powdered carbon. Studies using both virgin and reactivated carbon were 

performed by Calgon Corporation under contract. The removal efficiencies 

were an improvement over powdered carbon. More -significantly, the granular 

*    » 
carbon could be reactivated and reused; hence, no sludge hahali-ng problem. 

Using Calgon Corporation's reactivation facilities it was verified that re- 

activation could easily be accomplished while meeting EPA air quality : 

standards. The comparison of virgin and reactivated carbons showed reacti- 

vated carbon to be slightly more efficient at DIMP removal. These studies 
i 

showed granular carbon to be more desirable than powdered carbon for the 

boundary treatment system.  Following this conclusion studies on how best 

to utilize granular carbon were performed. Considering the availability of 

a 10,000 gph erdlator, studies using granular carbon were performed using 

the similar 420 gph unit. Numerous problems were encountered (unit required 

modification to prevent "clumping" of carbon in the downcomer feed system 

and the maintenance of a bed at required flow rates was extremely difficult 

to establish and maintain).  It was concluded that usage of granular carbon 

in this system would be unreliable and require constant attention. The 

simplest and most reliable method for using granular carbon is to utilize 

confined columns and/or tanks. When the carbon is saturated the entire 

carbon stock would be exchanged with the old carbon reactivated for reuse. 

This system requires very few manhours since only infrequent monitoring and 

sampling is required. Two options remained to be evaluated; (1) complete 

purchase of all processing and reactivation equipment by RMA or, (2) ob- 

taining an equipment lease and service contract that includes carbon reacti- 

vation. Considering the large capital investment and operating personnel 



requirements for a carbon reactivation facility the decision in favor 

of a service contract becomes obvious. Since the operating life for the 

north boundary treatment system is extremely difficult to forecast, a 

decision in favor of leased equipment is most reasonable. In addition, 

obtaining a turnkey system provides a proven and tested system and relieves 

RMA of the high engineering, development, testing and modification costs. 

Since Calgon Corporation is the only vendor offering a turnkey service con- 

tract for.water treatment using granular carbon (including carbon reactiva- 

tion) the decision to obtain a Calgon Corp. service contract was made. A 

general process flow diagram is included as Attachment 3. Attachments 4 and 

5 provide some general reference data on DIMP and DCPD. 

5. Conclusions: The removal of DIMP and DCPD from subsurface flows off 

Rocky Mountain Arsenal to comply with the State of Colorado Cease and Desist 

Order can most economically and reliably be achieved through a service con- 

tract with Calgon Corporation. This granular carbon system eliminates the 

expensive sludge handling problems encountered with powdered carbon and al- 

lows reactivation and reuse of spent carbon (included in the service contract) 

The granular carbon system is not energy intensive and requires less operator 

manhours than other systems considered (system requires monitoring rather 

than constant operator attention). Considerable operational cost savings 

are accrued as a result of less operator manhours and elimination of sludge 

processing. The system is easily expanded to permit handling larger flow 

rates if required or to add additional processes if treatment of additional 

contaminants becomes necessary (fluorides, etc.). Leasing of all processing 

equipment eliminates the expensive design, development and testing cycle in 

addition to large capital investment costs. The system life is indefinite; 



therefore, leasing is again favored. In summary, analysis of system efficien- 

cy, effectiveness, reliability, operating costs, initial capital investment 

requirements and future expansion capabilities, all favor the service contract 

with Calgon Corporation. 

6. Cost Summary': All costs for the powdered carbon process and sludge dis- 

posal are based on studies conducted by the Department of the Army. All costs 

for the granular carbon process are based on firm quotes from Calgon Corpora- 

tion. .Annual operating costs for both units (see Table 6-1) are based on 

processing 10,000 gallons of water per hour, 24 hours per day, 330 days per 

year even though field tests indicate that the powdered carbon process cannot 

maintain a stable bed at 10,000 gph. Material costs for the powdered carbon 

process are based on the optimum carbon and coagulant feed rates established 

during the well water studies. A maximum operating period of six years is as- 

sumed so only routine maintenance is listed for the powdered carbon equipment. 

The annual service contract for the granular carbon process includes maintenance 

and reactivation of three carbon beds. The $8,000.00 listed for material is a 

contingency fund in the event a fourth carbon bed must be reactivated. The 

$10,000.00 for the granular carbon process is for utilities installation and 

operation. Attachment 6 provides a summary of the powdered carbon system cost 

analysis. 

POWDERED CARBON GRANULAR CARBON 
ITEM PROCESS PROCESS 

Service Contract\ -0- 125,000.00 

Material 41,621.00b/ 8,000.00 

Labor 266,240.00'/ 40,000.00 

Maintenance, Utilities, etc. 34,400.00 10,000.00 

TOTAL 342,261.002 183,000.00 

1. The powdered carbon process requires an initial capital investment of 
$84,000.00; 

The granular carbon process requires an initial capital investment of 
$140,000.00 

2. Does not include sludge disposal costs 

Table 6-1. Annual Operating Costs Less Inflation 



Operation of the powdered carbon process requires some method of sludge 

disposal. Since there are four options, the annual costs have not been listed 

in Table 6-1. Figures 6-1 and 6-2 graphically depict the total costs for the 

three and six year programs respectively. These bar graphs present all four 

sludge disposal options and include an annual inflation»rate of 6.5 percent. 

Figure 6-3 also includes the inflation rate and shows the cost per 1000 gal- 

lons treated for both the three and six year programs. Except for the powdered 

carbon process, amortization of the original capital costs over six years in- 

stead of three years reduces the cost per 1000 gallons for six years. Since 

labor is the primary expense for the powdered carbon operation, labor infla- 

tion costs exceed equipment amortization gains and increases the cost per 1000 

gallons over six years. Any cost comparison between the two processes show the 

granular carbon process to be economically advantageous.  Evaluation of both 

processes with respect to the full scale process guidelines dictates that the 

Calgon Corporation granular carbon process unit be selected for the Interim 

Containment/Treatment System. Considering the difference in initial capital 

investments (without considering sludge disposal costs) the first year savings 

are $103,261.00. The following years have a net saving of $159,261.00 each 

year. Assuming a conservative six years of system operation the Calgon service 

contract will save $899,566.00 over the usage of powdered carbon without con- 

sidering sludge disposal costs. Using the least cost method of sludge disposal 

that is acceptable (landfill) the powdered carbon process will require an ad- 

ditional $900,000.00 in operating costs. Hence, the total savings for the 

Calgon Corporation service contract will be $1,799,566.00 over the forecast six 

year operating period. 
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7. Implementation: Bench-scale process studies, full-scale engineering 

design, signing of a contract for the north boundary treatment service and 

construction start-up have been accomplished. Final treatment plant con- 

struction and system testing will be completed in June 1978. System full 

time operation will begin when the barrier system construction is completed 

•(estimated at Aug 1978). During the barrier construction phase the treat- 

ment plant will occasionally be needed to maintain the subsurface flows. 
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RMA. North Boundary Plan View 
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ÜIISOPROPYL METHYLPHOSPHOMATE j 

AITF.RWATIVE NAHES 

Dlls.propyl «thylphosph.n.te; DIMP; PjosPhonjc act.J- ^-..bis- 

Ä^r^naJopyfesS^i^^nn^t^^ho^hoSic acid, dl-    i 
isopropyl ester. 

PHVSTr.AI. AND CHEMICAL PROPERTIES 

CAS RegV No. 1445-75-6      m 
Toxic Substances List:  Not listed 
Edgewood Arsenal Number:  EA 1250 |: 
Wiswesser Line Notation:  TY&0P0&1&0Y i; 
Molecular formula:  C7H1703P 

Structural formula:  ((CH3)2CH0)2(CH3)P = 0 jj 

DIMP is a liquid at room temperature with nQ = 1 - J11 ^ \]h  * ^ulk 
Slncilv at 25°C of 0.976 g/cc and a boi1ingupoint of 174 C (2,J) 
ftsS1vapor Pressu

0rLtemPerrture behavior is closely approximated b,    ^ 
the following empirical relationship (2, 3). 

Log P (mm of Hg) = 9.8571 - 3105/T(°K) 

patent literature (6, 7, 8). s. 

Very little is known of DIMP solubility in water  In stjjd^s^f     ■ 
DIM? hydrolysis in acidic and basic solutions 9)  0.12or h gh 
DIMP was used at temperatures above 80 C, indlca^J]9 " .Jj'  at 

J p   a/liter in that temperature range.  In DIMP st die a 
Southeast9/Research InstituteClO), the solubility in water at 25 C 
was between 1 and 2 g/liter. 

DIMP hydrolysis rates in water at 98, 90. and 80°C have been reported DIM  ydr ly i      ^ o.SlxlO^sec"1 respective y (1  -Te 
/A.!u .' ..........j „„„ was estimated to be 26.9 Kcai/moie 

iJ-iSe's,. mechanism, since the rate of DIMP hydro ysis is gre«~-. 

iLrs
allr^eHr^i;^^^^^inirtheB^pSdr0o]^Vs 
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DIMP does not appear to be a cholinesterase inhibitor (17) 

ANALYTICAL METHODS 

DIMP analysis by infrared and Raman spectra was reported by Meyrick 
and Thompson in 1950 (18).  Strong infrared bands occur at 504, 983 
1008, 1248 (phosphonyl), and 2983 cm"1, whiU- strong Raman bands 
occur at 710, 1445, 2930 and 2985 cm"1.  Christo!, Levy and Marty 
listed infrared absorptions at 987, 1015 and 1244 (phosphonyl) cm"1, 
Moores (19) reported absorptions at 899, 1239 and 1314 cm"1.  The 
spectrum of DIMP was also studied by Lorquet and Vassart (20). 
Unfortunately, other alkylphosphonate esters have similar absorp- 
tion bands. 

Thin-layer and paper chromatography methods for DIMP have been 
studied (21).  A 2:1:1 v/v solution of hexane-benzene-methanol or a 
6:1:1 v/v solution of hexane-methanol-diethyl ether was used to 
develop the paper chromatogram.  Spots were made visible with a 
lPrlny  of 1% coba1t chloride in anhydrous acetone, which detected 
DIMP and other phosphorous esters.  These esters appeared at room 
temperature as blue spots, which could be distinguished by their 
relative Rf values.  DIMP detection levels were not given. 

Gas chromatography has been used to analyze DIMP in water with a 
flame ionization detector.  Two methods are known; one developed by 
Shell Chemical Company (22) and adopted by the Colorado Department 
of Health (23) and one developed at Edgewood Arsenal (12).  The 
Colorado Department of Health methodology (23) involves extraction 
of DIMP from water with chloroform.  Three ml of chloroform suffices 
to extract 85-90% of DIMP from 200 ml of water.  The glass Chroma- 
tographie column was 5 ft long, h  inch in diameter, and filled with 
0V-17/Reoplex on 400 CRG.  A 1 ppm solution of DIMP in chloroform 
was used as a standard. 

16 



The Edgewood Arsenal work (12)'was oriented towards determininn 
f'Trultl   ?GfB)aStThefrr ^^ized methyl™« ro yl hos   o- 
TK!  +

(  Ku The waste is extracted with methylene chloride 
The chromatography column was of glass, 6 ft lonq xTinchin 
diameter and filled with QF-1 in 60-80 mesh Gas Chrom Q  GB could 
be detected by phosphorus flame photomety as 20 ppb (12)- no     c 

ra'uoT^e^So^^iner?6' t0 det6Ct 3S 11ttle aS °'2 ™b   <mole 

l^äTeVlV^irl^  LGrt°?nan(2e5reCt"m °f ^ " ** MHZ "" 
MAMMAL-IAN TOXICOLOGY 

No published information is available on the toxicitv of DIMP tn 
umans or experimental animals.  Unpublished acuie tox?city daU 
(LD50) on experimental animals were obtained from the fi es at 
Edgewood Arsenal, and are summarized in Table E-T. 

TABLE E-l 
Summary of Acute Toxicity of DIMP 

Animal     Route of     LD50 
Species Administration  (mg/kg)       Remarks      References 

Mouse' Intraperitoneal >250 

Rat Subcutaneous >200 

Rabbit  Subcutaneous   >100 <200 

Rabbit  Intravenous     224     Local irritation 
.  179-280 

...... (19/20 confidence 
■    1imits) 28 

Rabb1t  Dermal        >200  ■  No irritation at 
application site      28 

dTe?ox?ficC
a°J?o

9n sJ„Sl«P,h1nCl!!d1n9 aCUte data' Phytotoxldty and Mr.  1,,-A studies have been summarized in a fact sheet CM 

26 

27 

27 

fSrthen studied tn»; of
f
c?mp1ete data indicates the need for 

(2) and these have heon impiomentedliJrSug^r^AH^^^n^t'^^ 
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Litton Bionetics, Inc., Falls Church, Virginia 22046. !)■ 

An additional study on DIMP has been initiated (May 1975) in the j 
Toxicology Division, Biomedical Laboratory, Edgewood Arsenal, APG, | 
MD (29).  This work includes a 26-week subacute study and a repro- [;! 
auction study in rats only. U 

ENVIRONMENTAL CONSIDERATIONS ■ ;) 

No information was found as to DIMP behavior in soil and waterv its 
effect on animals in the environment, or its transmittal in food 
chains.  A USAMRDC contract study to determine the'toxidty of DIMP 
to aquatic vertebrates and invertebrates has been initiated through     • ; 
Bionomics,- E. G. & G. , Inc., Wareham, MA 02571. j 

PLANTS 

Evaluation of DIMP at Ft. Detrick during 1974-1975 indicated that 
DIMP could injure wheat and beans (Witc.hita wheat and Black Valentine 
beans) (30).  In one test, treatment of wheat and beans (water 
solution to soil) with 10 ppm DIMP produced no effect on wheat, but 
gave a burning on edges of bean leaves.  In a second test, treatment 
with 10 ppm or 40 ppm levels of DIMP resulted in tip burn of leaves 
on both wheat and beans at both levels.  In other tests where DIMP 
and dicyclopentadiene (DCPD) were used together, there was an .* 
indication of additive or synergistic effects due to DCPD.  DIMP 
may also be phytotoxic to sugar beets (31).  In herbicidal screening 
tests at Ft. Detrick, rice, morning glory, bean, oat and soybean 
plants growing in pots in a greenhouse and sprayed with DIMP at 0.1 
and 1.0 pounds per acre exhibited no injurious effects from the DIMP 
(32).  A USAMRDC contract study to determine plant uptake and effects     $ 
and soil retention of DIMP has been initiated through Aerojet Ord-       j 
inance and Manufacturing Co., Downey, CA 90241. ! 

EXISTING STANDARDS .    i 

No information available. 
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DICYCLOPENTADIENE 

ALTERNATIVE NAMES 

Dicyclopentadiene; Bicyclopentadiene; Biscyclopentadiene; 3a,4,7,7a- 
Tetrahydro-4,7-methanoindene 

PHYSICAL AND CHEMICAL PROPERTIES 

CAS' Reg. No. 0077-73-6 
Toxic Substances List: 
Molecular formula:  C 

PC 10500 

10H12 

Cl S' 

Dicyclopentadiene (DCPD) 
strong camphor-like odor 
J-l.  The isomers may be considered as   
the 2- and 8- carbons.  Trans-DCPD is the 
DCPD is cited the trans.- form is 
been prepared from the trjns.- form by a 
(1).  A 20% solution of DCPD in CS0 was 
180°-200°C under 50 atmospheres pr 
distilled, and the products separated 
a 30% yield of cis-DCPD. 

8 

is a waxy solid* at room temperature with a 
The structures of DCPD appear in Figure 

and trans- in terms of 
usual form, (and where 

understood). The eis- form has#i 
method described by Schroder 
heated for 2 to 4 hours at 

ssure.  The solvent was then 
by in vacuo distillation with 

"Trans" "Cis" 

Figure J-l. Cis- and Trans- Isomers of Dicyclopentadiene 

According to an article by Waring and co-workers (2), 
was distilled, and 40°-44x,C range distillate (probabl 
collected and allowed to 
ly crystallized when the 
melting point of 27.8 C, 

stand overnight. The 
distillate was placed 
and only a faint odor 

crude DCPD 
y monomer) 

eis- isomer reported- 
in vacuum, had a 
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Table J-l summarizes physical properties of trans-DCPD. 

TABLE J-l 

Physical properties of Trans-Picyclopentadiene 

. Property 

Density at 20°C, g/cc 

Melting Point, °C 

35 

'D 
n,;' (Refractive Index) 

Temp, °C for cited Vapor Press, mm Hg 

20° 

47.6° 

105° 

166.6° (boiling point) 

Solubility in Water (ppm) 

Value 

" 0.982 
* 

32.9 

1.5050 

1.4 

10.0 

100.0 

760.0 

References 

(3) 

(4) 

(5) 

(3) 

(6) 

(3) 

(4) 

Considered insoluble (6) 
Estimated 40*      (6a) 

Estimation on basis 
lar volume (6a). 
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However, typical addition reactions such as hydrohalogenation, hydra^ 
tion or esterification yield rearranged structures which are ci s- 
oriented.  For example: 

48% aq. HBr 

100°C 
-> 

Donaldson (10) found that 99% of the saturated analogue of DCPD, 
trans-4, 7-methanoindan, could be isomerized to the ci s-4,7-meth- 
anoindan, in sharp contrast to DCPD.  He presented the infrared 
spectrum of DCPD (identified as Spectrum #46) and spectra of 
other compounds studied.  Although he did not investigate the 
reaction of H0C1 with DCPD, he indicated that addition occurs 
across the 5,6-bond to form a chlorohydrin (10). 

the 
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DCPD was found to be an irritant when subjected to the standard 
rabbit eye irritation test but was not found to be a primary skin 
irritant (20).  No TLV has been established for DCPD, but Gerarde, 
(6) suggested "a value of 100 ppm seems reasonable based on the 
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limited toxicity date available'and extrapolation from similar chemicals." 
£ln S„et al* (3) have suggested a hygienic standard for man of 5 ppm  The TLV 
for DCPD recommended by Russian workers (24, 25), is 0.185 ppm (1 mg/m3). 
Russian workers (26) have- also recommended a permissible concentration of 
0.0001 rng/1 for DCPD in water supply systems. Man can detect 0.003 ppm DCPD 
vapor by odor (3). 

The carcinogenicity of DCPD by intramuscular injection in the rat was investi- 
gated under an NCI contract at the Institute of Chemical Biology, San Francisco 
University(Dr. A. Fürst, 1975) (27). The compound was not considered- to be 
carcinogenic under the conditions of the experiment. 

T1Q l°MoV°gL0f DClD!  including Phytotoxicity, has been summarized in a fact 
sheet (28). The pathological effects in rats were typical of irritating hydro- 
carbons, when administered orally in large doses; it is slightly to moderately 
toxic by the dermal route; and highly toxic by the oral and intraperitoneal 
routes in single dose studies. The lack of complete data indicates the need 
for further studies for an accurate evaluation of the toxic potential of DCPD 
Recommendations for further toxicological studies have been made (28), and the 
2p?tat!on °J  these recommendations has already been undertaken through a 
USAMRDC contract with Litton Bionetics, Inc., Falls Church, Virginia 22046. 

ENVIRONMENTAL CONSIDERATIONS 

No information is available as to DCPD behavior in soil and water, its effe-ts 
XSflSSn?3!5 ln  ^ environment, or its transmission through food chains. A'" 
K S KraS* SJUdV° ^t^e the toxicity of DCPD to aquatic vertebrates 

Warenal! MA 02571       initiated through Bionomics, E. G. & G., Inc., 

PLANTS "'■... 

Ittlt  inducted at Ft. Detrick during 1974-1975, in which wheat (Wichita) and 
,nH nr£n   K- !n/lr^} "^  ^eated w1th düsopropyl methylphosphonate (DIMP) 
and DCPD combined (water solution to soil), showed a greater effect on test 
plants than treatments with DIMP alone. Thus an additive, or possible syner- 
?n A'A* 5° DCP? Was su99ested. Tests conducted with DCPD alone at 
10 and40 ppm caused tip burning of leaves (29). A USAMRDC contract study to 
determine plant uptake and effects and soil retention of DCPD has been ini- 
tiated through Aerojet Ordnance and Manufacturing Co., Downey, CA 90241. 

EXISTING STANDARDS • 

No information available. 
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MAMMALIAN TOXICOLOGY 

There is no published information on the toxicity of DCPD to humans. Information 
on the mammalian toxicity of DCPD is summarized in Tables 0-2 and J-3. 

TABLE J-2 

Summary of Acute Toxicity of DCPD 

.Animal 
Species 

Route of 
Administration 

LD50 
(mg/kg) 

■ Range 
Value References 

Rat 

Rat (male) 
Rat (female) 
Rat 

Oral 

Oral 
Oral 
Intraperitoneal 

353 
410 
435 
396 
200 
310 

262-478 
310-530 
361-523 
343-458 

3 
19 
20 
20 
21 
3 

Mouse Intraperitoneal 200 21 

Rabbit Dermal 5080* 
4460* 
6720* 

3110-8290 
2440-8150 
3150-142G0 

-\ 

19 
22 

* - LC50 val ues. 

Inhalat 
TABLE J-3 
ion Toxicity of DCPD 

Animal . 
Species 

Dose (ppm) & 
Exposure (hr) 

LC50 
(ppm) Remarks References 

Rat 
Rat 
Rat 
Rat 

4 

Saturated vapor 

660 
359 
385 
1* 

Range 553-817 3 
3 
3 
3 

Mouse (male) 4 . 145 3 

Rabbit (male) 4 771 3 

Rat 
Rat 

Rat 
Rat 
Rat 
Rat 

2500/1 
,2000/4 

1000/4 
500/4 
250/6 x 10 
100/6 x 15 

1/4 killed 
4/6 killed 
4/4 killed 
1/6 killed 
1/4 killed 
4/4 killed 

23 
23 
23 
23  .- 
23 
23 

* - LT 50 (hr.) 
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POWDERED CARBON COST ANALYSIS 

Annual Operating and Maintenance Costs for the 
Interim Treatment/Containment System at RMA. 

Operational Assumptions: Interim system will work at capacity (10,000 gal/hr) for 
24 hours/day (3 shifts), 7 days a week, 330 days/ year. The present carbon dosage 
of 252 mg of carbon per liter of treated water will remain at,this level in the 
future. The same applies for the present anionic'and cationic polymer dosages, 
.13 and 1.59 mg/1 respectively. It is assumed that one full time supervisor and 
one operator per shift will be needed to operate the treatment unit. Once the 
containment system is operational, only periodic inspection will be needed. 

Maintenance Assumptions: Due to the limited length of time the treatment unit is 
to operate, possibly up to six years, it.is speculated that only routine repair 
and maintenance will be required. However, this statement is complicated by the 
fact that this unit has been inoperative for an extended period of time. There- 
fore, a moderate cost will be assumed. 

Other Assumptions: It has been assumed that the laboratory at RMA will conti 
to be in direct support of the Installation Restoration Program. The quality 
control costs, can therefore be considered part of overhead and have been includ 
in the manpower costs. 

COST CALCULATIONS 

Raw Materials 

Total Yearly Capacity: 

10,000 gal/hr x 24 hrs/day x 330 days/year = 7.92 x 107 gal = 79,200,000 gal. 

Carbon Costs (1)*: 

At 24 cents per pound (truck load quantity), 

(7.92 x 10 7gal)(252 mg/l)(3.78 l/gal)(l gms/1000 mg)(l    # /454 gms) 
($.24/#) = $39,900 

Polymer Costs (1): 

At $1.50 per pound for either coagulant, 

I :.o 

* - Number in parenthesis refers to a corresponding reference 
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Cationic 
(7.92 x 107qal)(1.59 mg/l)(3.78 l/gal)(1 gm/1000 mg)(l #/454 gms) 
($1.50/#) « $1580 

An ionic 
(7.92 x 10? gal)(.T3 mg/l)(3.78 l/gal)Cl gm/1000 mg)(l #/454 gms) 
(41.50/#) = $130 

TOTAL RAW MATERIALS = $41,600/yr 

Operating Labor: Assume the treatment unit will operate 3 shifts per day for 7 
'days" per week. This equals 21 shifts/week. Each operator Can handle 5 shifts/ 
week, therefore, there is a need of 5 men. This total amount of manpower covers 
sickness, leave, etc. All overhead costs such as administrative expenses and 
arsenal costs are included in the manpower rates. 

At a rate of $20 per hour for a technician at RMA (1), the operating labor cost 
equals; (this cost may be under estimated) 

5 ($20/hr x 40 hrs/week x 52 weeks/yr) = $208,000/yr 

Operating Supervision: 

At a rate of $28 per hour for an engineer (1), the operating supervision cost 
equals; 

$28/hr x 40 hrs/week x 52 weeks/yr = $58,240 

TOTAL MANPOWER = $266,240/yr 

Pow'crr & Utilities: For the treatment/containment system at RMA, no steam, fuel, 
refrigeration or municipally treated water is required for operation. Of the 
electricity to be used, the majority will go for the containment aspect. Pumping 
of groundwater to and from the treatment unit, intermediate pumping at the erd- 
lator and the necessity of mixing, heating and lighting make-up the electrical 
requirements. 

Only an estimate can be made of the containment utility costs due to the fact the 
pump tests have not been completed. WES (2) puts this estimate at approximately 
$1,000 per month or $12,000 per year. 

Utility costs for the treatment unit have been estimated at 20% of the contain- 
ment power costs. An alternate technique (9) is that of estimating utilities at 
3% of the overall equipment costs. For the sake of comparison, both techniques 
have been used. 

a. 20% of $12,000/year = $2400 
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